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ABSTRACT
Agricultural research and extension is an important 
contributor to Louisiana agriculture. However, there is no 
documented work investigating the impacts of public 
agricultural research and extension on agricultural production 
in Louisiana. This study investigates the impacts of public 
agricultural research and extension and other quasi-fixed 
factors on production choices of the Louisiana farmers.
The specific objectives of this study are: 1) to
estimate conditional output supply equations for Louisiana's 
main crops and livestock and input demand equations for 
fertilizer and labor, 2) to evaluate the impacts of public 
agricultural research and extension and other quasi-fixed 
inputs on the Louisiana agricultural sector, 3) to investigate 
some properties of Louisiana agricultural technology, and 4) 
to explain economic structural changes revealed by estimated 
output supply and input demand elasticities. Data for the 
study are obtained from several published sources, primarily 
U.S. Department of Agriculture publications.
The basis for the analysis is a normalized quadratic 
profit function. A system of fourteen output supply, input 
demand, and quasi-fixed factor shadow price equations are 
jointly estimated by seemingly unrelated regression.
The results suggest that between 1949 and 1986, Louisiana 
product supply mean own-price elasticities ranged between .043 
and 2.92 and mean own-price input demand elasticities were -
vii
0.31 and -1.51 for hired labor and fertilizer, respectively. 
During the same period, hired labor was a normal input in the 
production of most products, and the two variable inputs were 
substitutes. An increase in Louisiana public agricultural 
research increased the gross revenue shares of most products 
but decreased the cost shares of hired labor and fertilizer. 
Both public agricultural extension and research had similar 
impacts on output response.
Estimates of marginal rate of return for Louisiana public 
agricultural research and extension were 19.61% and 15.70%, 
respectively. Thus, during the study period, social benefits, 
in the form of increased agricultural productivity 
attributable to Louisiana public agricultural research and 
extension activities, were above capital market rates of 
return. Based on tested hypotheses, the underlying technology 
for Louisiana agriculture was joint and nonhomothetic.
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Productivity studies are often conducted under some 
maintained hypotheses that invariably constitute restrictions 
on estimated parameters. Recent evidence indicates that 
several maintained hypotheses might lead to oversimplified 
analysis. Single product analysis, for instance, implicitly 
assumes separable technology or non joint production. Research, 
however, has shown that technical interdependency in 
production exists directly for composite products and, in some 
instances, technological factors such as nonallocable quasi­
fixed factors of land and human capital could be an indirect 
basis for nonseparable production. In empirical studies, 
therefore, the consistency or inconsistency of the imposed 
restrictions on the observed behavior should be tested.
Economic investigation of the underlying technology of 
a production process integrated with duality theorems has been 
widely adopted by economists, because it allows for greater 
flexibility in analysis. In addition, system analyses with 
duality approaches are based on derivations consistent with 
rational economic behaviors. Though application of duality 
theory in research has some drawbacks, it constitutes a 
powerful tool for empirical economic system analysis.
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Agriculture is an integral part of the Louisiana economy. 
In 1986, ten million acres of land and 36,000 farms were 
devoted to agricultural production. Between 1949 and 1986, 
total land devoted to agriculture in Louisiana was estimated 
to be between 10 million acres to 12.20 million acres. In 
1986, the Louisiana agricultural sector employed an estimated 
12,052 hired laborers and had an estimated total value of farm 
land and buildings of $10.05 billion. Farm income (excluding 
government payments) was estimated at $1.37 billion while cash 
receipts from farming and home consumption were $2.48 billion 
in 1986 (USDA Agricultural Statistics).
While total land in agriculture remained fairly stable, 
between 1949 to 1986, annual real expenditures on other 
agricultural inputs increased from $190.5 million to $1,501.8 
million. Over this same period, total annual real 
expenditures on public agricultural research increased from 
$1,253 million to $33,368 million and real extension 
expenditures increased from $1,823 million to $25,752 million. 
Annual real expenditures on nonland agricultural inputs 
increased at an annual average rate of 5.19% for the period 
1949 to 1986. Real annual public research and extension 
expenditures increased at annual average rates of 5.64% and 
6.84%, respectively, over the same period.
Aggregate technological relationship studies are useful 
for impact analysis, i.e., evaluation of changing input 
demands and output supply response effects on the rural
economy and state-wide economic performances. Agricultural 
research and extension investments generate new knowledge or 
technologies that are of value to the rural economy. Benefits 
from public research and extension expenditures are determined 
by public demand for the new knowledge or technologies 
generated. The immediate impact of agricultural research and 
extension expenditures occurs as production increases or cost 
reductions. Adoption of new technologies increases supply thus 
generally resulting in lower output prices and higher output 
levels, increased farm input demands and income growth. Among 
other factors, increases in real per capita incomes increase 
demand which further increases output level but with a price 
level increase. All together, the sum of changes in consumer 
and producer surpluses resulting therein constitute net 
economic gain associated with public agricultural research and 
extension activities. It is possible that public agricultural 
research and public extension investments have significant 
impacts on the rural economy. Therefore, deriving shadow 
values of public agricultural research and public agricultural 
extension is of economic interest.
PROBLEM STATEMENT
Maintained hypotheses constitute restrictions in 
empirical studies, and it may consequently affect the 
relevance or irrelevance of the studies. In order to minimize 
specification errors and, consequently, biased estimators, the
relevance or irrelevance of maintained hypotheses in empirical 
works should be verified by appropriate statistical tests.
Specification errors could arise from exclusion 
(inclusion) of relevant (irrelevant) variables, inappropriate 
functional formulations or treatments, and incorrect 
specifications of the stochastic disturbance terms (Judge, et. 
al.; Intriligator). In applied studies, specification errors 
resulting from incorrect functional formulations could arise 
in several ways. For instance, a wrong choice of an algebraic 
functional form, e.g. Cobb-Douglas, for a production process 
in a primal analysis or single product analysis when the 
underlying technology is nonseparable constitutes 
specification bias. Also, imposition of erroneous constraints 
on correct functional form is a specification error that could 
cause biased and inferior estimators (Fomby, et. al.; Theil).
Lack of adequate information concerning the nature of 
Louisiana agricultural technology poses a serious problem in 
the specification of econometric models. It is important to 
understand the nature of the underlying technology for 
Louisiana agriculture to ensure that correct restrictions are 
appropriately imposed whenever a study is conducted. There is 
uncertainty as to whether the implicit restrictions being 
imposed on current Louisiana agricultural productivity studies 
are correct or not.
Investigation of aggregate technological relationships 
for Louisiana agriculture with respect to homotheticity
in production will provide some insights into the nature of 
the underlying cost structure. When production is homothetic, 
the expansion path is linear, the input substitution rate 
depends on relative quantities rather than absolute 
quantities, and output elasticities for all factors are equal 
at any point on the production surface. The underlying cost 
function is multiplicately separable in output and factor 
prices and, therefore, could be expressed as a product of a 
function of output(s) and a function of input prices 
(Silberberg). Similarly, the property of the technology with 
respect to jointness in production could shed some light into 
the nature of the underlying cost structure. When technology 
is nonjoint, the underlying cost structure is additive 
separable in output and input prices (Darrough and Heineke). 
Existence of a nonjoint technology enables the researcher to 
investigate decisions about the production of a product 
independent of other products.
Public agricultural research and extension activities 
have impacts on both output response and input demand. Impacts 
of public agricultural research and extension on production 
response could be attributable to better use of knowledge that 
leads to efficient input combinations and efficient storage 
and marketing strategies. Generally, it seems that the direct 
impact of public agriculture research and extension 
activities, to the producer, is reduction in costs per unit 
of production and, invariably, to the consumer, a reduction
in market product price. Therefore, the impacts of public 
agricultural research and extension activities could be 
captured as net social benefits resulting from consumer and 
producer surpluses.
This study intends to estimate aggregate technological 
relationships for Louisiana agriculture. Within the same 
framework, the nature of the underlying technology and 
economic impacts of public agricultural research and extension 
and other quasi-fixed inputs on output supplies and variable 
input demands will be investigated. To this date, there is 
no documented productivity analysis for Louisiana agriculture 
addressing the above issues.
LITERATURE REVIEW
Production and Duality Theory
Several theoretical and empirical works on agricultural 
and nonagricultural productivity studies using the multi­
inputs multi-outputs approach have been documented under the 
general topic of duality theory. Within the neoclassical 
economic paradigm, an output or utility maximization subject 
to a fixed resource set or income is a primal to a resource 
or cost minimization problem, subject to an output or utility 
level. On the other hand, the minimization problem is the dual 
to the corresponding maximization problem. While the primal 
functions describe global responses to input and output 
quantities, the dual functions describe the results of
optimizing responses to input and output prices and 
constraints. Therefore, while the dual functions contain both 
optimal and underlying technology's structural information, 
the primal, on the other hand, contains only the structural 
information of the technology (Young, et. al.). Application 
of duality theory is typically initiated by specifying a 
functional form for an indirect cost or profit function as 
opposed to a production function (Beattie, et. al.). 
Therefore, the nature of the underlying technology need not 
be known.
The use of duality approach in applied economic analysis 
has been widely accepted because of the theoretical advantage 
it offers. It makes no difference, for instance, whether input 
demands are derived from the production function or cost 
function. The main drawback of duality theory is the fact that 
the dual and the primal do not always produce the same 
information (Diewert (1973), Pope (1982), Lopez (1982), and 
Young) . Nevertheless, duality theory has been used extensively 
in economic system analyses.
Ray investigated the structure of U.S. agriculture by 
fitting a multi-inputs multi-outputs translog cost function 
to annual time series data between 1939-77. He computed 
pairwise elasticities of substitution between inputs, price 
elasticities of demand for inputs, and partial and overall 
scale economies for selected years. In his study, Ray reported 
that while labor; capital; fertilizers; feed, seed and
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livestock purchased; and miscellaneous inputs experienced 
increased price elasticity of demand over time, own-price 
elasticities of demand for inputs were inelastic. During the 
same time frame, the U.S. agriculture operated under 
diminishing returns, but the estimated returns to scale factor 
increased over time and the technology was nonhomothetic.
Factor productivity in U.S. agriculture was investigated 
by Binswanger by measuring elasticities of factor demand and 
substitution from a single-output translog cost function, 
using a pooled data set for the agricultural census years 
between 1949-64. He reported price inelastic demand for land 
and almost unitary price elasticities of demand for labor, 
machinery, and fertilizer. Binswanger's study also suggested 
that while fertilizer and labor were complements, land and 
fertilizer were substitutes, and U.S. technology was joint in 
inputs. For the 1952-82 period, Shumway, et. al., investigated 
U.S. agricultural output supply and input demand 
relationships, at national and regional levels. Using a 
normalized profit function, they estimated output supply for 
five commodity groups - feed grains, oil crops, other crops, 
and livestock -and input demand for four variable inputs - 
hired labor, machinery, energy, and material. Their results 
suggested that output supply and input demand relationships 
for the U.S. were similar at both the national and the 
regional levels. Their estimates for U.S. output supply and 
input demand elasticities for 1982 indicated highly inelastic
9
output supply and input demand, both at the national and the 
regional levels.
In an earlier work, Shumway (1983) examined Texas 
agricultural production structure for six major field crops 
(cotton, sorghum, wheat, corn, rice, and hay) between 1957- 
79. He reported nonjoint wheat production, homotheticity in 
fertilizer, hired labor, and all outputs and homothetic 
separability of cotton, sorghum, and corn. Weaver also 
measured aggregate technical and economic relationships 
characterizing the U.S. spring wheat region, using time series 
data for the period 1950-70. Specifically, he chose North and 
South Dakota as his study area and reported that fertilizer 
and petroleum price changes had relatively price inelastic 
impacts on input choice, unlike changes in capital price. Own- 
price input demand for fertilizer and capital services were 
elastic while that of petroleum products was inelastic. 
Technical change appeared to have been increasingly capital- 
saving with respect to labor and petroleum products but 
decreasingly capital-using with respect to fertilizer, and 
short-run return to size was decreasing.
Lopez (1980) analyzed the structure of Canadian 
agricultural production using a nonhomothetic dual cost 
function (generalized Leontief cost function) to derive input 
demand equations for the period 1946-77. In his study, Lopez 
reported non-constant returns to scale in Canadian agriculture 
thus rejecting the Leontief production function. The
production function was non-homothetic. Contrary to general 
opinions about Canadian agriculture technological progress, 
Lopez observed zero technical change thus the observed 
decreased labor/capital ratio was induced by relative price 
changes rather than technological change. Therefore, relative 
factor prices were important determinants of the demands for 
the various inputs. During the years 1948, 1965 and 1977, 
estimated own-price input demands for labor, capital, land and 
structures, and intermediate inputs were inelastic and the 
highest degree of input substitution was found between labor 
and farm capital inputs. Recently, Moschini modeled Canadian 
agricultural production structure by an output-constrained 
multi-product profit function to analyze resource allocation 
for supply management policies. He reported joint output 
production, production substitutability among all outputs, 
biased technological change against labor, and inelastic 
output supply and input demand, except labor with own-price 
elastic demand.
Within the Cobb-Douglas framework, Lau and Yotopoulos 
formulated a profit function and labor demand function for 
Indian agriculture for the period 1957-1962. Their results 
suggested that Indian agricultural production was labor and 
land input price inelastic. While the price elasticity of 
capital was nonsignificant, labor demand was elastic with 
respect to wage rate, land endowments, and output price. 
Also, own-price output supply elasticity was elastic and
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output response with respect to exogenous land increase was 
significantly greater than one.
Duality theory has also been applied to investigate long- 
run situations of agricultural production. Squires, after 
Halvorsen et. al., developed a long-run multi-product profit 
function and estimated long-run Marshallian elasticities of 
input demands and output supplies as well as investigating 
the nature of the underlying technology. His results 
suggested that while New England marine species long-run 
product supplies were generally inelastic, long-run factor 
demand elasticities were mixed. Also, there were no scope 
economies between output pairs but long-run overall return to 
scale decreased.
Other applied duality works in agriculture have been 
reported by Akridge and Hertel, Ball and Chambers, Adelaja and 
Hogue, Hall, and Pope and Hallam.
In the nonagricultural sector, Berndt and Wood 
investigated the structure of technology in U.S. manufacturing 
industries between 1947-1971. They fitted a translog cost 
function to characterize the structure of the technology and 
estimated the derived demand for energy, subject to the 
restrictions imposed by linear homogeneity in prices. From 
their study, Berndt and Wood reported a -.47 own-price demand 
elasticity for energy, and estimated that energy and labor 
were weak substitutes while energy and capital displayed 
substantial complementarity. In addition, capital and labor
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appeared substitutable and own-price demand elasticity 
estimates for capital and labor were -.48 and -.45, 
respectively.
Berndt and Christensen investigated the substitution of 
equipment, structures, and labor in U.S. manufacturing between 
1929-68 to determine the permissibility of aggregating 
equipment and structures, using a translog production 
function. Their results indicate that for the U.S. 
manufacturing, equipment and structures were more 
substitutable for each other (4.39 to 8.38) than for labor 
(1.22 to 1.79). They found that the equipment-labor and 
structures-labor (Allen partial) elasticities of substitution 
were each unitary unlike equipment-structures, equipment- 
labor, and structures-labor elasticities of substitution. 
Berndt and Christensen determined that a consistent aggregate 
index existed for equipment and structures but not for other 
input pairs.
Agricultural Research and Agricultural Extension
Considerable amount of work has been done to investigate 
economic benefits from public and private investments in 
agricultural research. Some studies have aggregated public 
agricultural research and extension expenditures and treated 
these inputs as a composite fixed factor. Few studies have 
explictly treated public agricultural research and public 
agricultural extension activities as separate factors of 
production. There are no documented state level estimates for
13
rates of return to either public agricultural research or 
public agricultural extension activities.
Two of the earliest documented works investigating the 
economic benefits of public agricultural research and 
extension were produced by Schultz in 1953 and Griliches in 
1958. Griliches estimated the realized social rate of return, 
as of 1955, on public and private investments in hybrid corn 
research. In his study, Griliches reported that net social 
return on hybrid corn ranged from $0.3 million, in 1933, to 
$239.1 million, in 1955. Over the study period, 1910-1955, 
Griliches estimated that the internal rate of return on hybrid 
corn research expenditures was between 35-40 per cent.
In an earlier study, Schultz provided estimates of costs 
and returns of research for U. S. agriculture. Schultz 
attributed the impacts of agricultural research and extension 
to savings in inputs as a consequence of production technique 
improvements in agriculture. He estimated the value of 
resource inputs served by new and better agricultural 
production techniques resulting from agricultural research and 
extension investments as ranging between $9,600 million and 
$16,200 million in 1950. Schultz reported that output per 
unit of input was 32-54 per cent larger in 1950 than in 1910, 
due to public agricultural research and extension in the 
United States agriculture. Also, U.S. agricultural output- 
input ratio steadily increased from 100 to 153 between 1910 
and 1950.
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Several recent studies on agricultural research provide 
information on techniques for estimation of rates of return 
to total U.S. investment in agricultural research. Norton and 
Davis provide a good review of most common techniques used to 
evaluate public agricultural research investment. Bredahl 
and Peterson estimated marginal products and internal rates 
of return to investment in U.S. agricultural research on cash 
grains, poultry, dairy, and livestock commodity groups. 
Employing aggregate agricultural production functions, Bredahl 
and Peterson estimated internal rates of return for U.S. cash 
grain, poultry, dairy, and livestock as 36%, 37%, 43% and 46%, 
respectively. Their estimates of marginal products for these 
four commodity groups ranged between $19.58 and $41.76.
White and Havlicek, using a primal approach, investigated 
investment patterns for agricultural research and extension 
for selected levels of agricultural output growth. They 
estimated the value of the aggregated productivity index for 
U.S. agriculture as a function of lagged total annual research 
and extension expenditures, farmers education level, and 
weather index, for the period 1943-77. Their results indicated 
that agricultural research and extension expenditures had the 
greatest impact on agricultural productivity in the sixth and 
the seventh years after investment. Also, a 1% increase in 
agricultural research and extension expenditures increased 
U.S. aggregate agricultural productivity by .04%. In the same 
study, White and Havlicek reported that, for the 1981-90
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period, increase in annual agricultural research and extension 
expenditures to reduce the growth rate in real farm prices 
would lead to a reduction in the rate of return on 
agricultural research and extension. While White and Havlicek 
recognized the distinct roles of agricultural research and 
agricultural extension and the need to separate them in 
productivity analysis, they aggregated both factors in their 
study for analytical ease. Therefore, White and Havlicek1s 
analysis could suffer from factor aggregation bias.
Eddleman reported that economic returns from public 
investments in agricultural research and education (extension) 
were generally favorable. He indicated that documented annual 
returns on agricultural research ranged between 14% and 210% 
while reported annual rate of return on agricultural extension 
ranged between 9% and 110%. Eddleman reported regional 
distribution of the benefits of production oriented 
agricultural research and extension investments, for the 
period 1976-88. He reported the U.S. total producer and 
consumer benefits per dollar investment in agricultural 
research and extension as $8.62 and that of the Southeast 
region as $7.98. While the Northeast region recorded the 
highest benefit per dollar invested in agricultural research 
and extension, the Northern Plains region recorded the least 
benefit. Eddleman's work was a summary of the results of 
several previous studies, and he did not discuss the 
estimation technique(s) used in the various studies.
Huffman and Evenson applied duality theory to investigate 
biases induced by public and private agricultural research and 
public agricultural extension investments on United States 
cash grain farmer production decisions between 1949 and 1974. 
They report that public agricultural research during the study 
period had a bias towards fertilizer usage and against 
machinery and farm labor. Private agricultural research had 
a large bias toward fertilizer and a moderate bias against 
fuel, labor, and machinery inputs. On the output side,
Huffman and Evenson reported that public agricultural research 
had a small bias in favor of soybean output and a slight bias 
against wheat and feed grain output. Private agricultural 
research, on the other hand, had a large bias toward feed 
grains but against wheat and soybeans. Public agricultural 
extension caused a slight bias against fertilizer and fuel but 
toward machinery and labor while production of wheat was
negatively biased unlike production of soybeans and feed 
grains. They reported a 62% social rate of return to U.S. 
public agricultural research on cash grain farms.
Feder, Lau, and Slade investigated the influence of
agricultural extension on Northwest Indian farms' 
productivity, using farm survey data. Using a Cobb-Douglas 
production function, Feder et. al., reported that investment 
in agricultural extension accrued a 15% rate of return and 
9.33% wheat yield increase between 1979-83. Feder explained 
that the increased wheat productivity observed was attributed
17
to increased farmers' knowledge about improved cropping, 
rather than increased level of input, brought about by 
intensive agricultural extension service.
Other works undertaking on investigation of economic 
implications of agricultural research and agricultural 
extension expenditures include those of Bredahl, Bryant and 
Ruttan; Edwards and Freebairn; Fox; and Huffman and 
Miranowski; Knight, Johnson and Finley; and Lindner and 
Jarret. These studies and the previous ones investigated the 
impacts of agricultural research or agricultural extension on 
agriculture or treated both factors as a single factor in the 
analysis. However, distinct different economic effects of 
agricultural research and agricultural extension has been 
noted in literature.
JUSTIFICATION
There is no documented work investigating Louisiana 
agricultural technology using a multi-input multi-output 
approach. In fact, a multi-inputs multi-outputs productivity 
approach has the benefit of accounting for alterations in the 
structure of a system of choice functions. Agricultural 
productivity growth of an economy is influenced by the level 
of public research and extension investments in that economy 
and partly by technology transfer. Agricultural research and 
extension expenditures have direct and long-lasting impacts
18
on aggregate production that induce changes in farm 
employment, farm income and general rural economic 
performance.
Agricultural research and extension is an important 
component of Louisiana agriculture. In 1986, for instance, 
$59.12 million was devoted to agricultural research and 
extension. Despite the quantity of money, human and other 
capital resources devoted to agricultural research and 
extension, the impacts of research and extension on 
agricultural production in Louisiana have not been quantified. 
This study will investigate the way in which public 
agricultural research and extension expenditures manifest 
themselves in the Louisiana agricultural production sector. 
Information to be obtained is vital for policy evaluation and 
formulation in Louisiana agricultural sector.
In addition to ascertaining the impacts of public 
research and extension investments on agricultural production, 
this study will also provide some information about the nature 
of the underlying technology of Louisiana agriculture. The 
information obtained could also be useful in future 
econometric modeling of Louisiana agriculture. Also, 
producers' behavioral patterns for output supply and input 
demand will be investigated through estimates of elasticities 
of output supplies and input demands.
19
OBJECTIVES
The general objective of this study is to investigate the 
impacts of public agricultural research and public
agricultural extension on the Louisiana agricultural sector 
and behavioral patterns of Louisiana agricultural producers 
with respect to output supply and input demand. The specific 
objectives of this study are:
(1) To estimate conditional output supply equations for 
soybeans, sorghum, corn, cotton, sugar cane, rice, 
wheat, hay, and livestock and input demand equations 
for labor and fertilizer.
(2) To evaluate the impacts of public agricultural 
research and extension and other quasi-fixed inputs 
on the Louisiana agricultural production sector.
(3) To investigate some properties of Louisiana 
agricultural technology.
(4) To explain economic structural changes revealed by 
estimated elasticities of output supply, input 
demand and output elasticities with respect to 
changes in inputs over time.
This study is organized in the following manner. Chapter 
II covers the economic theory underpinning duality and its 
applications. This chapter establishes the duality between 
cost and production functions and the duality between profit 
and production functions. This provides the foundation for
the application of duality to analyze the problems set forth 
in chapter I . The analytical procedures and data description 
are shown in chapter III. This chapter also reveals the 
nature of hypotheses testing within the dual framework. 
Chapter IV contains estimates of Louisiana product supply and 
variable input demand equations. Elasticity estimates for 
output supplies and input demands are also reported in chapter 
IV. The estimated impacts of Louisiana public agricultural 
research and extension and other quasi-fixed factors 
expenditures are shown in chapter V. Estimated marginal 
internal rates of return for Louisiana public research and 
extension expenditures are also reported in chapter V. This 
chapter also provides the tests establishing the nature of the 
underlying technology. The final chapter contains the summary 
and conclusions of this study.
ECONOMIC THEORY
CHAPTER TWO
Input-output relations in an industry are contained in 
the aggregate production function of the industry. The 
production function, therefore, is an instrument of 
understanding current technological possibilities and rational 
behavior of the production unit regarding output-supply and 
input-demand responses. The production function $(x) =
max{u|x e L(u) , u e [0, ° o ] } , x e D, where x = input rates, u 
= output rate, L(u) = a production input set of a technology 
and D = (x|x > 0, x e  Rn} or nonnegative domain of the
Euclidian space, has the following properties (Shephard, 
1970):
(1) $(0) = 0 .
(2) $(x) is finite for all x e D.
(3) $(x‘) > $(x) if x > x.
(4) For any x > 0, or x > 0 such that $(Ax) > 0 for some
scalar A > 0, $(Ax) ■+ « as A -*■ oo.
(5) $(x) is upper semi-continuous on D.
(6) $(x) is quasi-concave on D.
The production function $(x) is defined over a production 
input set L(u) of a technology, i.e., the set of all input 
vectors x yielding at least the output rate u, for u e [0, oo]. 
The underlying technology T:L(u) has the following properties 
(Shephard, 1970) :
2 1
(1) L(0) = D, 0 e L(u) for u > 0, i.e., a nonnegative 
input vector yields at least zero output and 
positive outputs are unobtainable from a null input 
vector.
(2) x e L(u) and x' > x imply x' e L(u) , i.e., surplus 
inputs are disposed, accidental events are excluded, 
machinery excess capacity is foregone, and the 
technology is rational and controllable.
(3) If x > 0 or x > 0 and (A*x) e L(u) for some A >
0 and u > 0, the ray {Ax| A > 0} intersects L(u) 
for all u e [0, °o) , i.e., any output rate u e [0, 
oo) can be realized by scalar magnification of a 
positive input vector x. If a positive output rate 
can be obtained by scalar magnification of the semi­
positive input vector x, any null inputs of x are 
not required for production and the same output rate 
holds by scalar magnification of the semi-positive 
input vector x. Divisibility of output rate is not 
implied.
(4) u2 > u1 > 0 implies L(u2) c L(u1) , since an input 
vector yielding at least an output rate u2 > u1 also 
yields at least u,.
(5) The existence of the production function $(x) as 
the maximum output rate attainable with x is 
guaranteed.
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(6) An unbounded output rate cannot be attained by a 
bounded input vector.
(7) Production input set L(u) is closed and convex for 
all u e [0, oo) .
(8) The efficient subset of the production input set 
E(u) is bounded for all u e [0, oo) , i.e., no 
technologically efficient output rate is attained 
by an unbounded input vector.
The production function is unique for the technology on 
which it is defined. Therefore, using the primal approach, 
the structure of production may be defined in terms of an 
appropriate production function or a production technology. 
Analysis of rational behavior of the profit-maximizing or 
cost-minimizing producer is often conducted via an indirect 
profit or cost function (dual approach) rather than by 
estimating production functions, using technical data (primal 
approach). The dual approach is richer in information than 
the primal approach because, in addition to providing 
technical information, the dual approach enables the 
researcher to derive and estimate systems of output supply and 
or input demand equations and other economic measures 
consistent with production optimization.
Duality Between Cost and Production Functions;
The production function $(x) is defined over the price 
minimal cost function or the distance function of the
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production structure V»(u, x) by the maximum problem 
(Shephard, 1970):
(1) $(x) = Max (u| V>(u / x) > 1, u > 0), x e D.
The distance function of the production structure V>(u / *) is 
a function defined on the production sets that permit 
definition of substitution alternatives by a simple equation 
on output rate u and input vector x. Also, in terms of the 
factor minimal cost function, i.e., the distance function of 
the cost structure Q(u, p), the cost function T(p) is defined 
by the problem:
(2) T(p) = Sup{u| Q(u, p) < 1, u > 0}, p e D.
Given the production function $(x), the factor minimal cost 
function Q(u, p) is determined by:
(3) Q(u, p)= Min{p*x| $(x) > u), u > 0, p e D. 
Therefore, the factor minimal cost function depends on the 
chosen output rate u, the given vector of factor prices p 
facing the producer, and the production function $(x). 
Having determined Q(u, p) in (3), the cost function T(u, p) 
is then obtained by the maximum problem (2) . Thus the 
production function $(x) determines a cost function T(u, p) 
through (3) and the converse is true, if the distance function 
of the cost structure Q(u, p) is continuous in output rate u 
for all nonnegative input prices. Under such conditions, the 
production function $(x) and the cost function T(p) are 
dualistically determined from each other by the problems
(4) r(p) = Sup{u| Min{p*x| $(x) > u) < 1}, p e D, and
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(5) $(x) = Max{u| Inf{p*x| r(p) < u} > 1}, x e D, or
P
(5) $(x) = Max{u| Min{p*x| r(p) < u} > 1), x e D,p
if the efficient set of the production factors of the cost 
structure are bounded for all nonnegative output rates. In 
hoxnothetic production functions, F($(x)), conditions for 
production-cost duality are met, when the transform F(*) is 
strictly increasing function of its arguments, rather than 
nondecreasing. In general, convexity of the production 
structure is sufficient to guarantee the existence of the 
dual.
A system of cost minimizing input demand functions can 
be derived from the indirect function by differentiating the 
cost function with respect to input prices, if the cost 
function satisfies the following conditions (Diewert, 1974, 
Beattie et. al.):
(1) The cost function is positive for all positive 
outputs and all nonnegative prices,
(2) the cost function is linearly homogeneous in input 
prices, and
(3) the cost function is weakly concave in prices. 
Derivation of input demand function through the above 
procedure was established by Shephard's lemma (Shephard, 1953, 
Diewert, 1974):
dr(p*)/dp,- = X,-(u;p*), for all i 
where x^u/p*) is the cost minimizing quantity of input i 
needed to produce u output rate, given input prices p*.
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Duality Between Profit and Production Functions:
In a competitive industry, each firm is assumed to
maximize its gross profit = p*y, given the product prices p
and fixed input quantities z. In the same token, each firm 
maximizes profit by choosing a production plan y in its short 
run production possibility F(y). The gross profit function 
is defined as (Gorman):
(6) 7r(p) =Sup{p*y: y e F}, V p e Rn.
Assuming that 7r(p) is linearly homogeneous, i.e., w(kp) = 
k7T(p), k > 0, and closed convex, then U = { (p,u) : u > 7r(p)} 
is a closed convex cone. Also,
U = { (p, u) : u > p*y, v y e F}
= {(P» u): -cp*y + cu > 0, V y e F, c > 0}
= C+, the polar of the cone,
C = {(-cy, c): y e F, c > 0}.
Irrespective of the product prices, no feasible plan can 
generate returns higher than 7r(p). Hence F c F*, where
(7) F* = {y: p*y < ir (p) , V p}
= (y: P*y < u, V (p, u) e U}.
Because { (-cy, c) : y e F*, c > 0} = U+ =C++, which is a convex 
closure of the cone C, F* is the convex closure of F. 
Therefore, if the production possibility set F(y) is closed, 
convex, and not empty then F = F*. Through (7) and that F = F*, 
for each firm and the whole economy, then the knowledge of the 
gross profit function and the production possibility sets are 
equivalent. Thus, duality between profit and production
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possibility sets is established.
Similarly, under certain regularity conditions, duality 
between producer's short run net profit (revenue less cost) 
or producer's variable profit function and a production 
possibility set F exists. Assuming that fixed inputs are fixed 
at z and purchasing or selling prices of u variable inputs and 
outputs are given at (p1f p2, ..., p^ = p >> 0, then the
producer's variable profit function may be defined as 
(Diewert):
(8) 7r(p;z) = max{p'u: (u;z) e F),
where p »  0 for all inputs and outputs and z < 0 for all 
fixed factors. The variable profit function, therefore, 
depends on the vector of prices p for variable inputs and 
outputs and the vector of fixed inputs z. In this case, 
products (outputs and inputs) are defined in a net input 
convention. The variable profit function satisfies the 
following conditions:
(1) 7r(p;z) is nonnegative and defined for every p »  0 
and z < 0; n(-) is bounded above by p'b for a fixed 
vector b if p>> 0, z < 0 and z is bounded from 
below.
(2) It is homogeneous of degree one in p and z, i.e., 
7r(Ap;Az) = A7T(p;z), V A > 0.
(3) tt(*) is convex and continuous in p for every fixed
z < 0.
(4) For every fixed p, 7r(*) is nonincreasing, concave
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and continuous in z.
(5) 7r (•) is increasing (decreasing) in p if the
corresponding good is an output (input).
The variable profit function satisfying the above
conditions is dual to the production possibility set F 
satisfying the following conditions (Diewert, 1974):
(1) F is a closed, nonempty subset of I+J dimensional 
space in all inputs and outputs.
(2) If (u;z) e F, then z < 0, for all J inputs.
(3) F is a convex set, i.e., exhibits nonincreasing 
marginal rates of transformation.
(4) F is a cone; i.e., 0 e F, A > 0 implies A 0 e F 
(constant returns).
(5) If 0 7 e F, 0" < 0 7 then 0" e F (free disposal) .
(6) If (u;z) e F, then the components of u are bounded 
from above (for finite inputs, the set of producible 
outputs is also finite).
Output supply and input demand functional forms consistent 
with variable profit function maximization can be obtained by 
differentiating ir (•) with respect to output and input prices. 
This procedure was established by Hottelling's lemma (Diewert, 
1973); "If a variable profit function 7r(p;z) satisfies some 
regularity conditions and it is, in addition, differentiable 
with respect to prices of variable inputs and outputs at p* »  
0 (for all I outputs and inputs) and z* < 0 (for all j fixed 
factors), then we have a7r(p*;z*)/ap,-* = u^p^yz*), for i = 1,
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2, . . . , I ,
where u,. (p,-*;z*) is the profit maximizing quantity of output i 
(input i, if u,-(Pj*;z*) < 0), given prices p* and fixed inputs 
z*."
If the fixed inputs are actually variable, ir(-) is 
differentiable with respect to the components of z at point 
(p*;z*). There is a given vector of fixed input prices w* »  
0, and -w*'z* = 7r(p*;z*), i.e., fixed inputs expenditure equals 
output revenue less variable input cost. Then the marginal 
product function can be obtained as (Diewert, 1974; Lau, 
1976) :
d7T(p*;z*)/SZj = -Wj*, for all fixed inputs j.
The vector of fixed inputs z* is now chosen to minimize the 
cost of producing given amount of variable profit 7T(p*;z*).
• AIn this case, z is a solution to the cost minimization 
problem (written as a maximization problem because of the sign 
conversion on z):
max(w*'z: 7r(p*;z) > ?r(p*;z*); z < 0}.
So, -dir(p*;z*)/aZj is the shadow price or rental price or 
imputed value of a marginal unit of the j'th fixed input.
DATA DESCRIPTION AND PROCEDURES
CHAPTER III
Data Description
Data for this study were obtained from several sources. 
Nine products (cotton, corn, rice, sugar cane, wheat, 
soybeans, sorghum, hay, and livestock), two variable inputs 
(hired labor and fertilizer (NPK)), four quasi-fixed factors 
(capital, land, public agricultural research, and public 
agricultural extension) and one fixed factor (family labor) 
were used in the empirical analysis. Family labor was 
considered a fixed factor, because there was no measure of 
shadow price for family labor other than income. Therefore, 
formulation and estimation of the profit function would be 
flawed, incorporating farm income (profit) on both sides of 
the profit equation, without treating family labor as a fixed 
factor. The study period was 1949-1986.
Quantities of cotton, corn, rice, sugar cane, wheat, 
soybeans, sorghum, hay, and livestock were obtained from 
Agricultural Statistics and Prices for Louisiana. 1909-1985. 
Louisiana State University, Department of Agricultural 
Economics Research Report No. 659, by Lonnie L. Fielder, et. 
al. ; and Agricultural Statistics and Prices for Louisiana. 
1982-1987. Louisiana State University, Agricultural Economics 
and Agribusiness Information Series No. 69, by Hector 0. 
Zapata, et. al. Livestock produced was quantities of cattle
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and calves, hogs and pigs, and sheep and lambs produced. All 
other produce quantities were converted to the same unit 
(lbs). Annual product prices received by producers were 
obtained from the same source mentioned above. Livestock 
prices were total revenues from cattle and calves, hogs and 
pigs, and sheep and lambs divided by the sum of quantities of 
cattle and calves, hogs and pigs, and sheep and lambs. 
Indexes of livestock prices (1967=100) were constructed from 
livestock prices. Like product quantities, all other product 
prices received by producers were converted to the same unit 
($/lb). Data observed for the various variables for selected 
years and their means are reported in Appendix Table A.I.
Productivity is influenced by changes in quality of 
inputs. However, such changes in input quality are not 
captured in quantity of input measurement. To account for 
changes in quality of labor, attempts have been made to 
explicitly incorporate the level of education of labor in the 
analysis or labor quality adjustments have been made by 
multiplying labor quantity by a labor quality index. The 
primary justification for labor quality adjustment is the fact 
that labor education or training changes over time and such 
changes affect labor productivity. Failure to account for 
such a quality adjustment in production factors constitutes 
error in variable measurements that lead to biased and 
inconsistent parameter estimates.
Annual numbers of Louisiana hired and family labor and
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average annual per hour wages were obtained from Agricultural 
Statistics (USDA). Quality adjustments for hired labor and 
family labor were made by multiplying hired labor quality 
indexes and family labor quality indexes by their respective 
labor quantities. Labor quality indexes were obtained from 
Measuring Agricultural Productivity: A New Outlook. USDA, ERS, 
National Economics Division, by V. Eldon Ball. Annual 
quantities of fertilizer (NPK) used in production were 
obtained from Agricultural Statistics (USDA) while annual 
fertilizer expenditures were obtained from Agricultural 
Statistics and Prices for Louisiana. 1909-1985. op. cit.; and 
Agricultural Statistics and Prices for Louisiana. 1982-1987. 
op. cit.
Annual fertilizer prices were computed as the ratios of 
annual fertilizer expenditures and quantities used. Capital 
quantity was the index of the sum of machinery repairs, 
depreciation, and interest charges in farm non-real estate 
mortgage debt. Data on capital quantity components were 
obtained from Agricultural Statistics and Prices for 
Louisiana. 1909-1985. op. cit.; and Agricultural Statistics 
and Prices for Louisiana. 1982-1987. op. cit. The shadow 
price of capital was the weighted average annual price of 
funds as reported by the Federal Intermediate Credit Banks in 
Business Statistics (U.S. Department of Commerce).
Total acreages planted in cotton, corn, rice, sugar cane, 
wheat, soybeans, sorghum and hay constitute land quantity, and
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they were obtained from Agricultural Statistics and Prices for 
Louisiana. 1909-1985. op. cit.; and Agricultural Statistics 
and Prices for Louisiana. 1982-1987. op. cit. Land shadow 
price was per acre land price obtained from Farm Real Estate; 
Historical Series Data (USDA, ERS).
Annual expenditures on public agricultural research were 
obtained from Financial Report of the Louisiana Agricultural 
Experiment Stations. 1919-1986 and annual expenditures on 
public agricultural extension were obtained from USDA 
Cooperative Extension Work in Agriculture and Home Economics. 
USDA Cooperative Extension Work. USDA Report of Extension Work 
in Agriculture and Home Economics in the United States. 
Louisiana State University Budget. and USDA Federal 
Legislation. Regulations, and Rules effecting Cooperative 
Extension Work. Annual expenditures on public agricultural 
research are total annual expenditures from all sources 
including federal, state, and other funds. A consistent form 
of expenditure data from 1919 to 1986 were desired in order 
to construct annual public agricultural research and extension 
stocks. Therefore, a breakdown of total expenditures 
applicable to crops and livestock used in the analysis was not 
made; annual expenditures used were total research 
expenditures for all crops and livestock.
The duality approach used for this study requires that 
stock measures of the quasi-fixed factors be made. Stock 
measures of land and capital were readily available and
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obtained from the sources mentioned earlier. However, annual 
stock measures of public agricultural research and extension 
as annual numbers of agricultural research and extension 
personnel, were not available for all the desired years. 
Therefore, public agricultural research and extension stocks 
were constructed from annual expenditures on public 
agricultural research and extension, based on a given form of 
the distributional effects of agricultural research and 
extension on agricultural productivity.
The most desirable method to measure annual public 
agricultural research and extension stocks would be to derive 
the respective stocks based on research and extension 
expenditures associated strictly with the production of the 
nine outputs employed in this study. Data on research problem 
areas by commodity area are available after 1974. To construct 
pre-1974 research/extension expenditures allocable to the 
production of the nine outputs in this study would necessitate 
using the 1974, or some average of 1974 and later years, as 
a fixed proportion of total annual agricultural 
research/extension spending, for all years back to 1919. 
Given the changes in crops and developments in forestry and 
aquacultural research in Louisiana, this procedure was deemed 
unacceptable. Total annual agricultural research and extension 
expenditures were employed to derive the annual agricultural 
research and extension stock measures. These agricultural 
research/extension expenditures include expenditures on food
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science, horticulture, family environment, forestry, poultry, 
and aquaculture as well as the nine outputs in this study.
Several forms of distributional effects of agricultural 
research and extension have been suggested in literature 
(Norton, and Huffman and Evenson). Huffman and Evenson 
suggested that the distributional effects of agricultural 
research or extension on agricultural production were 
trapezoidal. For this study, agricultural research and 
extension were assumed to affect agricultural production with 
a lag of 30 years and the lag pattern was trapezoidal-first 
linearly increasing (7 years), then, constant (16 years) and, 
finally, linearly decreasing (7 years). The public 
agricultural research stock was weighted sum of lagged 
agricultural expenditures such that total weights under the 
trapezoid summed to one. Annual agricultural research and 
extension expenditures and stock measures for the period 1949 
to 1986 are reported in Appendix Table A.2. It should be noted 
that to construct the annual agricultural research and 
extension stocks, annual data on agricultural research and 
extension,expenditures back to 1919 were employed.
Also, the analytical procedure used for this study 
required that shadow price for the quasi-fixed factors be used 
in analysis. The shadow price of a quasi-fixed factor is a 
measure of its rental value. The shadow price of research was 
annual research expenditure divided by the derived research 
stock. The public agricultural extension stock and shadow
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price of extension were estimated in the same manner as 
research stock and research shadow price, respectively. 
Analytical Procedure
Farm managers are assumed to maximize profit and make 
rational choices on output and inputs (Y), subject to given 
levels of some quasi-fixed factors in the short-run. Also, 
production is assumed to yield optimal output levels when all 
inputs are fully adjusted in the long-run equilibrium. The 
relationship among choices (Y) and fixed factors (Z) is 
represented by a well behaved transformation function, 
F(Y,Z)=0. If expected output prices and input prices (P) are 
exogenous to the farm level decision, a well behaved 
restricted profit function that relates maximized profit to 
the prices of current choices and the fixed factors can be 
specified as: 7r=7r(P,Z). By generalized Hotelling's lemma
(Lau), a system of profit maximizing output supply and input 
demand functions are obtained as 8 w / 8 P = Y*(P,Z), where P is 
the vector of expected output and input prices and Y* is the 
output supply (Y*>0) and variable input demand (Y*<0) . In 
addition, dir/8Z = -Pz, where Z is a vector of fixed factors 
and Pz is the vector of shadow or rental prices of the fixed 
factors. Thus, choices are determined by expected output 
prices, input prices, and levels of the fixed factors.
The basis for achieving objectives 1-3 is a normalized 
quadratic profit function:
(1) w-fi, + "j? /5,P,' + J  akZ„ + .ss'"! + .5S | i7kqZkZ,
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where n is normalized profit; P,' is the vector of normalized 
expected output (cotton, corn, sorghum, soybeans, sugar cane, 
wheat, hay, and livestock) prices and normalized variable 
input (fertilizer and hired labor) prices, with rice price 
used as the numeraire; Z is the vector of quasi-fixed input 
(public agricultural research, public agricultural extension, 
land, and capital) quantities and fixed input, family labor 
quantity; and (3's, a's, y's, and n's are the unknown 
parameters. Applying Hotelling's lemma to (1), a system of 
optimal choices is obtained thus:
(2) ajr/ap,' = y,.* = /j, + + p jkzk,
i,j, = 1,2,...,10 outputs and inputs, and
(3) dir/8Zk = -Pk* = ak + .5S7kqZq + p^P,',
k,q, = 1,...,4 quasi-fixed factors 
where Y{* is output supply (Y,-* > 0) and variable input demand 
(Y,* < 0) and Pk‘ is normalized shadow or rental price of 
quasi-fixed factor K. Because of insufficient degrees of 
freedom, the system of equations (2) and (3) are estimated 
jointly, excluding the normalized quadratic profit function
(1) by seemingly unrelated regression (Zellner; Judge, et. 
al.), with symmetry restrictions, i.e., (3^ = >3j5, imposed.
The output supply equation for rice (numeraire output) is 
obtained numerically as (Huffman and Evenson):
(4) Y0* = 7r - SjP/Y,.*
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The output supply and variable input demand system of 
equations were equations (2) and (4).
Objective (2) is accomplished by evaluating relative 
impacts of a change in agricultural research expenditure, 
extension expenditure, capital stock, or land in farms on 
optimal output supplies and input demands. Following Huffman 
(1989), the dual implicit transformation function F(y0, y1# . 
•i Yni zi> • •/ zk) =° can be represented in unsymmetric form
as y0 = f(y,, . . , yn, z1# . . . , zk) , y0 > 0. The unsymmetric
form gives maximum output of the numeraire output y0 as a 
function of the other n outputs and the k quasi-fixed factors. 
The i'th elasticity of transformation, = sf/ay,-• (y,/y0) 
where d f / d y i < 0, for i = 1, 2, . . ., n, hence < 0 for y.
> 0 and £ j > 0 for y,- < 0. For a profit maximizing competi­
tive equilibrium, £, = -P^Y*/Y q and £ = = “ w 7 y 0\
where n* = SjP.y{* > 0 and y,- and y0 are optimal choices.
R *Define i'th (optimal) revenue share as p s = PiYf/7rR > 0, where
gross revenue, n R = SjPjY,- + Y0 > 0. Also, define the i'th cost 
c *share as p { = PjY./jrc > 0, where total variable cost, vr̂ SjPjY,- 
< 0. Change in the product revenue or factor cost share 
attributed to change in quasi-fixed factor level is used to 
evaluate relative impact in output and input production 
decisions due to a change in quasi-fixed factor Zk. For the 
non-numeraire outputs, the impact of a quasi-fixed factor Zk
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on the revenue share of a product Y? is:
(5) Tjk = (Zk/pf) (ap/azk)
Invoking the differential quotient rule in equation (5) 
and then substituting appropriate results obtained from
equations (2), (3), and (4) yields:
r * .(6) rik = Zk (n1k/Yi + Pk/?rR) , for l = cotton, corn, sugar cane,
wheat, soybeans, sorghum, hay and livestock. The weighted 
sum of the impacts of a quasi-fixed factor on all outputs, 
including numeraire product, is zero, where the weights are 
product revenue shares; i.e.,
(7) siPlT ik + p0rok = 0
Then the impact of quasi-fixed factor Zk on the numeraire 
product (rice) revenue share, rok, is:
(8) r*k = - ^ P-r]k/pR0.
Similarly, the impact of a quasi-fixed factor on input 
decisions is evaluated as:
(9) rcik = (Zk/p.) (api/azk.
Again, using the differential quotient rule in equation (9)
and then appropriately substituting results obtained from
equation (2):
c *(10) rjk = Zk [J3jk/Y1- - , for i = hired labor and
fertilizer and k = public agricultural research, public 
agricultural extension, capital, and land.
If rjk > 0 (<0) , an increase in the level of a quasi-fixed 
factor Zk has a favorable (an unfavorable) impact on optimal 
supply or demand for product Y,-, i.e., profit share or cost
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share of product Y{ increased (decreased) with an increase in 
fixed factor Zk level. An increase in the level of Zk has no 
impact on optimal supply or demand for product Y{, if rjk = 0.
Investigation of the nature of the underlying technology 
is conducted by testing for the null hypotheses of non- 
jointness in production and homotheticity. Production of a 
product is non joint if, and only if, its optimal supply is 
independent of any other product price, i.e., 8zir*/ 3P,-3Pj = 0, 
for all j=l, ... n and i^j (Shumway, 1983). For objective
(3), the null hypothesis of nonjoint production of all outputs 
tested is: 0.. = 0, for i, j=l, 2, .., 10 and if j .
Test for homotheticity hypothesis could not be adequately 
tested using the normalized quadratic profit function (1) ; 
therefore a translog profit function is used:
(11) lnr* = /3n + E/J,lnP,- + Ea.lnZ. + . 5EElnP,lnP:u i i  k i  j  1 J
+  • 5 i R ^ k q l n Z k l n Z q +  i k l n P i l n Z k
By Hotelling's lemma, a system of share equations obtained
from (11) are:
(12) almrVainP, = PfY,-*A* = S. = 0. + S ^ l n P j  + SknjklnZk, 
for all outputs (S^O) and all inputs (S^O) . Because =
1, the capital share equation was deleted from the equations 
system (12) and the system is jointly estimated by seemingly 
unrelated regression technique with symmetry, (3-- = and 
linear homogeneity in prices, E,/?,- = 1, Si>0ij = =0
restrictions imposed. The null hypothesis for homothetic 
production is tested as (Shumway, 1983): = 0, V i, j e I.
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The test statistic for both hypotheses is defined (Judge, 
et. al.);
<13> F( =ISSEr,.,- s s e ui/ j
SSEy/MT-K
where SSER = Error sum of squares for the restricted model;
i.e., the model with the restrictions imposed,
SSEy = Error sum of squares for the unrestricted model,
J = number of restrictions imposed,
M = number of seemingly unrelated regression 
equations in the model,
T = sample size, and
K = total number of parameters in the model.
For a given level of significance a and thus the critical 
value of F(J HT_K a), a null hypothesis is rejected if the sample 
value of F(J My.*), is greater than the tabled critical value of 
F. If otherwise, the null hypothesis is not rejected at the 
given level of significance.
The fourth objective of this study is accomplished by 
evaluating Marshallian elasticities of output supplies and 
input demands. For the non-numeraire products, short-run 
Marshallian (normalized) price elasticities are estimated as:
(14) £ij. = (dYjVdP/) ( P j W ) .
From equations (2),
(15) £jj = /Sij.Pj'/Y,-* for all i, j.
Rice (numeraire product) cross-price elasticities of output 
supplies and variable input demands are estimated as:
(16) £io = ( d Y * / 8 P 0) (P0/Y,.*),
where P0 is rice price. From equation (2),
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(17) ci0 = - SjjSjjPj/Y,*P0, ^  all i.
The functional form for the product supply of rice (numeraire 
product) is given in equation (4). Cross-price elasticities 
for rice supply with respect to other product (normalized) 
prices is estimated as:
(18) £oi = (SYqV s p/) (P*'/%*)•
From equation (4) , then
(19) £oj = - S^p/tP^/Vo*), for all i.
The own-price elasticity of rice supply is also derived from 
equation (4) as:
(20) £qo = (3Y0*/3P0) (P^Y^) = i jP<'?j'/Yo*P0*
The own-price output supply elasticities are expected to be 
positive while those of the inputs are expected to be 
negative, if the normalized quadratic profit function is 
convex, at least locally. A pair of inputs are substitutes 
if their cross price elasticity is positive while they are 
complements if their cross-price elasticity is negative. The 
reverse is the case for classification of output relationship 
based on supply elasticity estimates. There is no economic 
or technical relationship between inputs pairs or between 
output pairs if the input pair or output pair cross-price 
elasticity is zero. It should be noted that the small sample 
size for this study does not allow for the usual t tests for 
the significance or nonsignificance of the elasticity 
estimates.
ESTIMATES OF PRODUCT SUPPLY AND VARIABLE INPUT DEMAND
EQUATIONS
CHAPTER IV
This chapter presents estimates of product supplies for 
cotton, corn, wheat, sugar cane, soybeans, sorghum, hay and 
livestock as well as estimates of variable input demands for 
hired labor and fertilizer. Estimates of product supply 
elasticities for the above mentioned products and rice and 
those of the variable inputs are also reported. The 
econometric functional form of the normalized quadratic profit 
function, those of the product supply and variable input 
demand equations, and the quasi-fixed factor shadow price 
equations are specified in equations (1') , (2*), and (3') :
. i n-1 i m n-1 n-1 ■ ■ m m(1 ) 7T=pa + E /3-P- + S + .52 S /3nP. P, + .52 Z 7k„ZlfZn, = 1 ^ 1  i k=i  k k j=1 j =1 '“ t j  l j k=1 q=1 ' k q  k q
n-1 m i+ E E  f2;l,P- + e.,i=1 k=i i k  i k 1 '
(2 ) aTT/aP,.' = Yj* = 0,. + • 5?/3jjPj' + snjkZk + ef, and
(3) 37T/aZk = -Pk‘ = ak + .527kqZq + p^P.' + ek;
i = 2,3,...,9 and k = 10,...,13.
E(ej) = 0 for j = 1,2,..., 13 
E^.e/) = Oj IT for j = 1,2,..., 13.
E(ejek') = ajkIT for j ^ k and j, k = 1,2,...,13.
The ej's are the unobservable random structural disturbance 
terms, representing uncontrollable factors in the system.
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These random disturbance terms (errors) are assumed to be 
generated by a stationary multivariate process and distributed 
normal with a mean zero and a constant variance for each 
equation. Also, they are assumed uncorrelated within an 
equation but correlated among equations at a given point in 
time (contemporaneous). Contemporaneous correlation among the 
errors could be attributed to the impact of environmental and/ 
or economic shocks on product supplies and input demands. 
Other variables in equations (l‘) - (3‘) have the same
definitions as given earlier in equations (1) - (3).
Equations (2') and (31) were linear in parameters and 
under the assumptions made for the error terms, the system of 
equations were jointly estimated by seemingly unrelated 
regression (SUR).
The normalized profit function could not be estimated 
with the system of equations (2‘) and (3') , because of 
insufficient data points (inadequate degrees of freedom). 
Estimation of the system (2*) and (3‘) was done with symmetry 
restrictions imposed. Linear homogeneity in prices on the 
quadratic profit function was guaranteed by normalization; 
i.e., dividing profit and product/input prices by rice price. 
Thus, the estimated system of product supply and input demand 
equations did not include product supply for rice, but it 
could be obtained residually (numerically) as specified in 
equation (4) . Because the normalized quadratic profit 
function could not be estimated, not all the parameters in the
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rice (numeraire product) supply equation were identifiable. 
Also, the estimated system did not contain a family labor 
shadow price (inverse demand) equation, because family labor 
was assumed fixed.
Product Supply and Variable Input Demand Equations
The parameter estimates for product supply equations for 
cotton, corn, sugar cane, wheat, soybeans, sorghum, hay and 
livestock and those of input demand equations for hired labor 
and fertilizer are reported in Table 4.1. In the analysis, 
the quantity of products produced were measured in positive 
units and the quantity of inputs used were measured in 
negative units. Hence, the estimated input demand equations 
could be regarded as negative input demand equations. Also, 
expected product prices were estimated as one year lagged 
product prices.
The empirical parameter estimates reported in Table 4.1 
indicate that all own-price parameter estimates had the 
expected sign (positive). Thus, the necessary condition for 
curvature property of the normalized quadratic profit 
function, underlying the estimated product supply and input 
demand equations, was met. Therefore, the normalized 
quadratic profit function was locally convex. Also, four of 
the eight own-price parameters were significant at .05 
probability level. However, it should be noted that the t 
statistics reported are asymptotic t values. The weighted R2 
for the system was .93 and the weighted system mean square
Table 4.1. Parameter Estimates3 of Product Supply, Input Demand, and Quasi-Fixed Factor Shadow Price Equations, Louisiana.
S u p p l y  E q u a t i o n s  f Y - > 0 ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Demand E q u a t i o n s  ( Y - < 0
V a r i a b l e C o t t o n Corn S u g a r c a n e Wheat S o y b e a n s Sorghum Hay L i v e s t o c k H i r e d  Labor F e r t i l i z e
I n t e r c e p t - 1 . 7 3 5 5
( - 1 . 1 6 )
- 1 8 . 8 9 9
( 1 4 . 4 7 )
1 7 . 0 0 4
( 3 . 0 4 )
- 3 . 0 1 4 9
( - . 0 . 8 8 )
0 . 5 0 1 1
( 0 . 3 2 )
- 6 . 9 1 4 3
( - 2 . 1 5 )
2 . 0 3 3 7
( 4 . 2 0 )
- 0 . 2 7 2 6
( - 4 . 1 7 )
- 4 . 0 1 4 3
( - 2 . 2 3 )
0 . 0 6 1 5
( 0 . 1 5 )
N o r m a l i z e d  P r i c e s :  
C o t t o n 4 . 0 4 5 5
( 4 . 6 1 )
1 . 8 9 6 0
( 1 . 6 3 )
- 1 . 6 4 9 3
( - 0 . 7 5 )
0 . 6 2 2 1
( 0 . 6 2 )
0 . 6 3 9 7
( 1 . 3 0 )
- 2 . 9 4 6 2
( - 2 . 5 5 )
- 0 . 2 9 4 5
( - 1 . 3 8 )
- 0 . 0 4 8 4
( - 1 . 5 1 )
- 1 . 6 5 0 4
( - 1 . 9 5 )
0 . 3 4 7 1
( 1 . 5 6 )
C or n 1 . 8 9 6 1
( 1 . 6 2 )
2 . 8 3 7 9
( 0 . 7 1 )
7 . 2 5 4 9
( 1 . 6 9 )
7 . 3 4 1 5
( 3 . 2 5 )
2 . 8 9 7 3
( 2 . 9 6 )
- 1 8 . 4 7 1
( - 7 . 1 9 )
- 0 . 1 6 5 6
( - 0 . 4 7 )
- 0 . 0 2 6 6
( - 0 . 5 7 )
5 . 8 5 7 8
( 4 . 3 5 )
- 0 . 8 2 1 4
( - 2 . 4 3 )
S u g a r  C ane - 1 . 6 4 9 4
( - 0 . 7 6 )
7 . 2 5 5 0
( 1 . 6 9 )
2 2 . 7 6 8
( 2 . 1 5 )
3 . 1 5 8 5
( 0 . 8 9 )
4 . 9 6 9 1
( 2 . 8 8 )
- 2 0 . 4 5 8
( - 4 . 9 5 )
- 0 . 0 3 5 0
( - 0 . 0 5 )
- 0 . 0 7 3 2
( - 0 . 7 0 )
7 . 5 9 8 6
( 2 . 8 7 )
- 1 . 8 2 5 8
( - 2 . 7 2 )
Wheat 0 . 6 2 2 1
( 0 . 6 2 )
7 . 3 4 1 5
( 3 . 2 5 )
3 . 1 5 8 5
( 0 . 8 9 )
0 . 6 8 1 6
( 0 . 2 8 )
- 6 . 4 2 1 5
( - 7 . 3 0 )
1 0 . 8 8 0
( 5 . 6 5 )
- 1 . 0 9 8 6
( - 3 . 4 5 )
- 0 . 0 9 1 6
( - 2 . 0 0 )
- 3 . 4 3 6 2
( - 2 . 6 0 )
- 0 . 4 1 4 7
( - 1 . 2 5 )
S o y b e a n s 0 . 6 3 9 7
( 1 . 3 0 )
2 . 8 9 7 2
( 2 . 9 6 )
4 . 9 6 9 0
( 2 . 8 8 )
- 6 . 4 2 1 5
( - 7 . 3 0 )
3 . 3 8 9 5
( 6 . 1 5 )
- 2 . 1 2 4 8
( - 2 . 2 5 )
0 . 3 2 3 6
( 2 . 1 0 )
- 0 . 0 2 8 9
( - 1 . 1 5 )
4 . 8 7 3 9
( 7 . 6 7 )
- 0 . 4 5 6 8
( - 2 . 8 9 )
Sorghum - 2 . 9 4 6 2
( - 2 . 5 5 )
- 1 8 . 4 7 1
( - 7 . 1 9 )
- 2 0 . 4 5 8
( - 4 . 9 4 )
1 0 . 8 8 0 2
( 5 . 6 5 )
- 2 . 1 2 4 8
( - 2 . 2 5 )
6 . 6 1 7 2
( 2 . 1 5 )
1 . 3 0 6 8
( 3 . 3 9 )
0 . 1 8 9 7
( 3 . 2 6 )
- 5 . 9 0 5 2
( - 3 . 8 8 )
1 . 2 0 8 2
( 3 . 1 2 )
Hay - 0 . 2 9 4 5
( - 1 . 3 8 )
- 0 . 1 6 5 6
( - 0 . 4 7 )
- 0 . 0 3 5 0
( - 0 . 5 1 )
- 1 . 0 9 7 6
( - 3 . 4 5 )
0 . 3 2 3 7
( 2 . 1 0 )
1 . 3 0 6 8
( 3 . 3 9 )
0 . 0 2 1 9
( 0 . 2 2 )
0 . 0 0 1 8
( 0 . 1 4 )
- 0 . 2 7 8 2
( - 0 . 7 9 )
0 . 2 3 2 4
( 2 . 5 9 )
L i v e s t o c k - 0 . 0 4 8 4
( - 1 . 5 1 )
- 0 . 0 2 6 7
( - 0 . 5 7 )
- 0 . 0 7 3 2
( - 0 . 7 0 )
- 0 . 0 9 7 6
( - 2 . 0 0 )
- 0 . 0 2 8 9
( - 1 . 1 5 )
0 . 1 8 9 7
( 3 . 2 5 )
0 . 0 0 1 8
( 0 . 1 4 )
0 . 1 9 1 9
( 4 . 0 5 )
- 0 . 1 2 6 6
( - 1 . 4 7 )
0 . 1 4 3 4
( 3 . 9 5 )
H i r e d  L a bo r - 1 . 6 5 0 4
( - 1 . 9 5 )
5 . 8 5 7 8
( 4 . 3 5 )
7 . 5 9 8 6
( 2 . 8 8 )
- 3 . 4 3 6 2
( - 2 . 6 0 )
4 . 8 7 3 9
( 7 . 6 7 )
- 5 . 9 0 5 2
( - 3 . 8 8 )
- 0 . 2 7 8 2
( - 0 . 7 9 )
- 0 . 1 2 6 6
( - 1 . 4 7 )
3 . 5 6 9 3
( 1 . 5 8 )
- 0 . 5 7 5 9
( - 0 . 9 6 )
F e r t i l i z e r 0 . 3 4 7 1
( 1 . 5 5 )
- 0 . 8 2 1 4
( - 2 . 4 3 )
- 1 . 8 2 5 8
( - 2 . 7 2 )
- 0 . 4 1 4 7
( - 1 . 2 5 )
- 0 . 4 5 6 8
( - 2 . 8 9 )
1 . 2 0 8 2
( 3 . 1 2 )
0 . 2 3 2 4
( 2 . 6 0 )
0 . 1 4 3 3
( 3 . 9 6 )
- 0 . 5 7 5 9
( - 0 . 9 6 )
2 . 3 2 1 7




S u d d Iv  E a u a t i o n s  (Y.- > 0 ) Demand E a u a t i o n s  (Y -  < 0 )
V a r i a b l e C o t t o n C orn S u g a r c a n e Wheat S o y b e a n s Sorghum Hay L i v e s t o c k H i r e d  L a bo r F e r t i l i z e r
Q u a s i - F i x e d  F a c t o r s :  
C a p i t a l - 0 . 0 3 5 7
( - 0 . 2 4 )
0 . 7 3 4 7
( 2 . 3 5 )
0 . 1 1 6 1
( 0 . 2 1 )
2 . 3 0 6 6
( 8 . 3 9 )
1 . 6 1 7 7
( 1 2 . 4 9 )
- 5 . 2 5 6 9
( - 1 8 . 3 2 )
- 0 . 0 3 9 9 8
( - 0 . 8 1 )
- 0 . 0 4 2 2
( - 6 . 2 1 )
1 . 4 2 9 0  
( 7 . 9 9 )
- 0 . 0 5 1 6
( - 1 . 1 7 )
Land 0 . 7 7 7 3
( 3 . 8 1 )
2 . 1 0 1 4
( 3 . 4 2 )
- 0 . 7 3 9 1
( - 0 . 9 4 )
0 . 2 6 9 3
( 0 . 5 4 )
- 0 . 3 1 8 7
( - 1 . 4 8 )
1 . 2 8 7 5
( 2 . 7 6 )
- 0 . 2 2 9 1
( - 3 . 9 7 )
0 . 0 3 2 4
( 3 . 7 0 )
0 . 6 3 0 4
( 2 . 5 6 )
- 0 . 2 3 0 7
( - 4 . 0 9 )
R e s e a r c h  S t o c k 0 . 7 7 1 0
( - 3 . 1 4 )
0 . 0 7 8 7
( 0 . 2 0 )
- 2 . 8 6 9 8
( 3 . 7 0 )
- 0 . 0 3 8 1
( 0 . 1 0 )
- 0 . 7 3 9 9
( - 4 . 0 3 )
2 . 6 0 0 9
( 5 . 7 6 )
0 . 0 2 0 0
( 0 . 2 3 )
- 0 . 2 0 8 5
( - 1 1 . 8 7 )
3 . 1 7 4 9
( 7 . 6 9 )
0 . 5 9 4 0
( 5 . 1 3 )
E x t e n s i o n  S t o c k - 0 . 7 0 5 2
( - 2 . 2 0 )
1 . 0 4 0 9
( 2 . 0 9 )
2 . 2 9 3 9
( 2 . 2 3 )
0 . 0 8 1 9
( 0 . 1 8 )
0 . 0 7 2 0
( 0 . 3 0 )
1 . 4 8 6 2
( 2 . 5 3 )
- 0 . 0 1 0 1
( - 0 . 0 9 )
0 . 2 7 7 3
( 1 2 . 1 7 )
- 4 . 7 7 7 2
( - 8 . 9 5 )
- 0 . 9 6 2 4
( - 6 . 4 2 )
F i x e d  F a c t o r :  
F a r a i ly  L a bo r - 0 . 2 8 5 5
( - 3 . 5 8 )
1 . 0 3 9 9
( 4 . 2 5 )
- 0 . 2 1 8 4
( - 0 . 7 4 )
- 0 . 0 2 1 7
( - 0 . 1 1 )
0 . 0 1 9 3
( 0 . 2 7 )
- 0 . 0 3 1 9
( - 0 . 2 0 )
0 . 0 5 4 2
( 2 . 6 6 )
0 . 0 1 2 6
( 3 . 9 8 )
- 0 . 2 8 0 8
( - 3 . 3 7 )
- 0 . 0 3 4 3
( - 1 . 8 5 )
Table 4.1. Continued.
 Shadow  P r i c e  E a u a t i o n s  ( P - < 0 ) _ _ _ _ _ _ _ _ _ _ _ _ _ _
P u b l i c  A g r i c  P u b l i c  A g r i c  
V a r i a b l e  C a p i t a l  Land R e s e a r c h  E x t e n s i o n
I n t e r c e p t - 3 . 9 9 8 4
( - 8 . 3 5 )
- 3 . 7 6 5
( - 2 . 7 5 )
2 . 9 5 1 9
( 3 . 4 4 )
- 1 . 6 9 5 4
( - 2 . 2 8 )
N o r m a l i z e d  P r i c e s :  
C o t t o n - 0 . 0 3 5 7
( - 0 . 2 4 )
0 . 7 7 7 3
( 3 . 8 1 )
0 . 7 7 1 0
( 3 . 1 4 )
- 0 . 7 0 5 2
( - 2 . 2 0 )
C orn 0 . 7 3 4 7
( 2 . 3 6 )
2 . 1 0 1 4
( 3 . 4 2 )
0 . 0 7 8 7
( 0 . 2 0 )
1 . 0 4 0 9
( 2 . 0 9 )
S u g a r  Cane 0 . 1 1 6 1
( 0 . 2 1 )
- 0 . 7 3 9 1
( - 0 . 9 4 )
- 2 . 8 6 9 8
( - 3 . 7 0 )
2 . 2 9 3 9
( 0 . 2 3 )
U h e a t 2 . 3 0 6 6
( 8 . 3 9 )
- 0 . 2 6 9 2
( - 0 . 5 4 )
- 0 . 0 3 8 1
( - 0 . 1 0 )
0 . 0 8 1 9
( 0 . 1 8 )
S o y b e a n s 1 . 6 1 7 7
( 1 2 . 4 9 )
- 0 . 3 1 8 6
( - 1 . 4 8 )
- 0 . 7 3 9 9
( - 4 . 0 3 )
0 . 0 7 2 0
( 0 . 3 0 )
Sorghum - 5 . 2 5 6 9
( - 1 8 . 3 2 )
1 . 2 8 7 5
( 2 . 7 6 )
2 . 6 0 0 9
( 5 . 7 6 )
1 . 4 8 6 2
( 2 . 5 3 )
Hay - 0 . 0 4 0 0
( - 0 . 8 1 )
- 0 . 2 2 9 1
( - 3 . 9 7 )
0 . 0 2 0 0
( 0 . 2 3 )
- 1 . 0 1 0 1
( - 0 . 0 9 )
L i v e s t o c k - 0 . 0 4 2 2
( - 6 . 2 0 )
0 . 0 3 2 4
( 3 . 6 9 )
- 0 . 2 0 8 5
( - 1 1 . 8 7 )
0 . 2 7 7 3
( 1 2 . 1 7 )
H i r e d  Labor 1 . 4 2 9 0  
( 7 . 9 9 )
0 . 6 3 0 3
( 2 . 5 6 )
3 . 1 7 4 9
( 7 . 6 9 )
- 4 . 7 7 7 2
( - 8 . 9 5 )
F e r t i l i z e r - 0 . 0 5 1 6
( - 1 . 1 7 )
- 0 . 2 3 0 7
( - 4 . 0 9 )
0 . 5 9 4 0
( 5 . 1 3 )
- 0 . 9 6 2 4
( - 6 . 4 2 )
oo
Table 4.1. Continued.
V a r i a b l e
Shadow P r i c e  E a u a t i o n s  ( P .  < 0 )
C a p i t a l Land
P u b l i c  A g r i c  
R e s e a r c h
P u b l i c  A g r i c  
E x t e n s i o n
Q u a s i - F i x e d  F a c t o r s :
C a p i t a l 0 . 3 4 5 9 0 . 4 5 4 7 - 0 . 2 9 4 3 0 . 1 1 6 6
( 6 . 3 7 ) ( 6 . 3 7 ) ( - 5 . 4 2 ) ( 1 . 6 1 )
Land 0 . 4 5 4 7 0 . 5 3 6 2 - 1 . 1 0 9 5 - 0 . 5 1 3 1
( 6 . 3 7 ) ( 2 . 3 8 ) ( - 1 3 . 0 1 ) ( - 5 . 7 4 )
R e s e a r c h  S t o c k - 0 . 2 9 4 3 - 1 . 1 0 9 5 0 . 2 3 4 5 - 0 . 5 7 2 4
( - 5 . 4 2 ) ( - 1 3 . 0 1 ) ( 1 . 4 2 ) ( - 2 . 7 9 )
E x t e n s i o n  S t o c k 0 . 1 1 6 6 - 0 . 5 1 3 1 - 0 . 5 7 2 5 0 . 8 9 5 9
( 1 . 6 1 ) ( - 5 . 7 4 ) ( - 2 . 7 9 ) ( 3 . 3 5 )
F i x e d  F a c t o r :
F a r a i l y  Labor - 0 . 0 5 0 7 - 0 . 1 6 3 3 - 0 . 7 0 0 4 - 0 . 1 9 1 5
( - 2 . 1 4 ) ( - 2 . 2 2 ) ( - 9 . 1 0 ) ( - 4 . 3 8 )
a t - v a L u e s  a r e  i n  p a r e n t h e s e s .
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error was 10.9. Thus, the system of equations fitted well.
Output supply response to the variable input (normalized) 
price changes (hired labor and fertilizer) were mixed. So 
also was output supply response to the changes in the quasi­
fixed factors. Mixed influence of production factors on 
supply response of disaggregated products, as in this study, 
is not unexpected. Changes in capital and public agricultural 
extension stock have similar patterns of influence on product 
supplies. Also, extension stock and family labor, on one 
hand, and land and capital, on the other hand, had similar 
association patterns with the variable input demands. An 
increase in family labor increased demand for hired labor. 
Thus family labor and hired labor were complements in this 
sample during the study period. This observation was 
consistent with observations reported in earlier studies. 
Output Supply and Input Demand Elasticity Estimates
Table 4.2 shows the mean elasticity estimates for output 
supply and variable input demand. These elasticity estimates 
were obtained by evaluating equations (15), (17), (19) and
(20) using parameters estimates and the sample mean values of 
the variables. All own-price elasticities had expected signs. 
The product supply own-price elasticities ranged from 0.043 
to 2.92 while the own-price elasticity of demand for hired 
labor and fertilizer were -0.31 and -1.54, respectively. Thus 
during the study period, 1949-86, own-price elasticity of 
demand for hired labor was inelastic while that of fertilizer
Table 4.2. Mean Elasticity Estimates for Output Supply and Input Demand, Louisiana, 1949-86.
E l a s t i c i t y  w i t h  R e s p e c t  t o  N o r m a l i z e d  p r i c e  o f
Q u a n t i t y C o t t o n C orn S u g a r c a n e U h e a t S o y b e a n s Sorghum Hay L i v e s t o c k R i c e H i r e d  Labor F e r t i l i z e r
OutDUt
C o t t o n 0 . 9 2 2 6 0 . 3 4 9 2 - 0 . 0 5 7 8 0 . 1 3 2 7 0 . 2 1 8 0 - 0 . 4 6 2 9 - 0 . 2 6 8 7 - 0 . 0 0 3 6 0 . 2 4 6 8 - 0 . 1 4 8 2 0 . 0 8 3 0
C orn 0 . 2 7 8 8 0 . 3 3 5 7 0 . 1 6 3 5 1 . 0 0 5 6 0 . 6 3 4 2 - 1 . 8 6 4 3 - 0 . 0 9 7 1 - 0 . 0 0 1 3 - 0 . 8 0 0 5 0 . 3 3 7 8 - 0 . 1 2 6 1
S u g a r  Cane - 0 . 0 7 8 8 0 . 2 7 9 8 0 . 1 6 7 2 0 . 1 4 1 0 0 . 3 5 4 6 - 0 . 6 7 3 3 - 0 . 0 0 6 7 - 0 . 0 0 1 1 - 0 . 4 9 9 3 0 . 1 4 2 9 - 0 . 0 9 1 4
U h e a t 0 . 2 6 9 4 2 . 5 6 9 6 0 . 2 1 0 5 0 . 2 7 6 2 - 4 . 1 5 8 7 3 . 2 4 9 2 - 1 . 9 0 4 7 - 0 . 0 1 3 6 0 . 4 5 3 3 - 0 . 6 8 5 3 - 0 . 1 8 8 5
S o y b e a n s 0 . 2 1 8 7 0 . 8 0 0 0 0 . 2 6 1 3 - 2 . 0 5 3 1 1 . 7 3 1 8 - 0 . 5 0 0 6 0 . 4 4 2 8 - 0 . 0 0 3 2 0 . 9 6 3 0 0 . 6 5 6 1 - 0 . 1 6 3 7
Sorghum - 1 . 2 1 8 0 - 6 . 1 6 8 2 - 0 . 0 0 2 6 4 . 2 0 6 9 - 1 . 3 1 2 8 1 . 8 8 5 4 2 . 1 6 1 7 0 . 0 2 5 3 2 . 8 6 7 3 - 0 . 9 6 1 4 0 . 5 2 3 8
Hay - 0 . 1 4 4 3 - 0 . 0 6 5 6 0 . 0 0 2 6 - 0 . 5 0 3 4 0 . 2 3 7 0 0 . 4 4 1 3 0 . 0 4 3 0 0 . 0 0 0 3 - 0 . 3 0 1 8 - 0 . 0 5 3 6 0 . 1 1 9 4
L i v e s t o c k - 0 . 2 0 2 5 - 0 . 0 8 9 9 - 0 . 0 4 7 1 - 0 . 3 8 1 7 - 0 . 1 8 0 4 0 . 5 4 6 5 0 . 0 3 0 4 0 . 2 5 8 5 - 0 . 0 7 0 6 - 0 . 2 0 8 3 0 . 6 2 8 3
R i c e 0 . 3 4 8 1 - 0 . 4 2 4 2 0 . 0 0 2 8 - 1 . 0 3 9 5 - 1 . 1 7 7 2 1 . 9 4 6 2 0 . 0 1 3 0 0 . 0 0 0 8 2 . 9 1 7 3 - 0 . 1 1 1 2 0 . 2 6 8 4
I n o u t  
H i r e d  L a bo r 0 . 3 6 4 3 - 1 . 0 4 4 2  - - 0 . 2 5 8 0 0 . 7 0 9 3 - 1 . 6 0 7 6 0 . 8 9 8 1 0 . 2 4 5 7 0 . 0 0 9 0 2 . 1 9 8 7 - 0 . 3 1 0 2 0 . 1 3 3 3
F e r t i l i z e r - 0 . 2 2 0 0 0 . 4 2 0 5 0 . 1 7 8 0 0 . 2 4 5 8 0 . 4 3 2 7 - 0 . 5 2 7 8 - 0 . 5 8 9 4 - 0 . 0 2 9 3 - 0 . 4 4 6 0 0 . 1 4 3 7 - 1 . 5 4 3 0
u i
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was elastic. Also, during the same period, own-price 
elasticities of supply for cotton, corn, sugar cane, wheat, 
hay, and livestock were inelastic while those of soybeans, 
sorghum, and rice were elastic.
Estimates of the cross-price elasticity of product supply 
and input demand suggest that hired labor acted like a normal 
input in the production of cotton, wheat, sorghum, livestock, 
hay, and rice. Fertilizer acted normal in the production of 
corn, sugar cane, wheat, and soybeans. Both variable inputs 
could be regarded as substitutes during the study period. 
Also economic complementarity was observed between hay and 
livestock, between corn and cotton, and between sorghum and 
wheat while soybeans and livestock, corn and sorghum, and hay 
and corn were economically competitive.
The cross-price elasticity estimates reported in Table 
4.2 reveal several output prices which have little impact on 
other output supplies. Most of the output supply elasticities 
with respect to sugar cane and livestock prices are relatively 
inelastic with none exceeding 0.26 in absolute value. This can 
be seen by looking down the two columns for sugar cane and 
livestock normalized prices. The three crops with the least 
output supply responsiveness to own-price (hay, sugar cane, 
and livestock) also exhibit relatively low price elasticities 
with respect to all other outputs. Examination of the rows for 
the outputs hay, sugar cane, and livestock in Table 4.2 
indicates that the output supplies for these products are
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relatively unresponsive to changes in most other output 
prices. Among the crops with estimated own-price elasticities 
greater than 0.40, cotton, which is estimated to have an own- 
price elasticity of 0.9226, exhibits relatively low price 
elasticity with respect to other output prices.
Between 1949-1986, a 10% change in own-price of hired 
laborer and fertilizer resulted in 3.10% change in farm 
employment and 15.43% change in fertilizer demand, 
respectively, in the Louisiana agricultural sector. During the 
same period, a 10% change in own-price of hay, sugar cane, 
livestock, and wheat resulted in 0.43%, 1.67%, 2.59%, and
2.76% change in output supply of hay, sugar cane, livestock, 
and wheat, respectively. Similar interpretations could be 
given to other elasticity estimates.
The output supply and the input demand elasticities 
estimated for 1986 (Table 4.3) indicate a similar pattern with 
the mean estimates for 1949-86. However, own-price elasticity 
estimate for sorghum in 1986 is considerably less than its 
mean value for the period 1949-86 while that of livestock is 
higher than its mean estimate. All own-price output supply and 
input demand elasticity estimates reported for 1986 are higher 
than their corresponding mean values, except for wheat, 
sorghum, corn, and cotton (Table 4.4). In 1986, a 10% increase 
(decrease) in cotton price resulted in 7.04% increase 
(decrease) in cotton production as opposed to 9.23% decrease 
(increase) in cotton production between 1949-86. Similarly,
Table 4.3. Elasticity Estimates for Output Supply and Input Demand, Louisiana, 1986.
E l a s t i c i t y  w i t h  R e s p e c t  t o  N o r m a l i z e d  p r i c e  o f
Q u a n t i t y C o t t o n Corn S u g a r c a n e U h e a t S o y b e a n s Sorghum Hay L i v e s t o c k R i c e H i r e d  Labor F e r t i l i z e r
O u t p u t
C o t t o n 0 . 7 0 3 8 0 . 2 7 5 0 - 0 . 0 5 7 2 0 . 1 0 5 2 0 . 1 6 6 8 - 0 . 3 4 5 1 - 0 . 2 4 3 8 - 0 . 0 0 3 3 0 . 5 3 5 2 - 0 . 2 2 1 9 0 . 0 9 0 9
C orn 0 . 1 9 1 1 0 . 2 3 8 4 0 . 1 4 5 7 0 . 7 1 9 5 0 . 4 3 7 7 - 1 . 2 5 3 2 - 0 . 0 7 9 4 - 0 . 0 0 1 0 - 1 . 9 4 8 2 0 . 4 5 6 2 - 0 . 1 2 4 6
S u g a r  Cane - 0 . 1 2 8 6 0 . 4 7 1 4 0 . 3 5 3 7 0 . 2 3 9 5 0 . 5 8 0 7 - 1 . 0 7 3 8 - 0 . 0 1 3 0 - 0 . 0 0 2 2 - 1 . 6 2 6 1 0 . 4 5 7 8 - 0 . 2 1 4 2
U h e a t 0 . 1 3 2 7 1 . 3 0 5 4 0 . 1 3 4 3 0 . 1 4 1 4 - 2 . 0 5 3 4 1 . 5 6 2 5 - 1 . 1 1 4 9 - 0 . 0 0 8 1 1 . 3 8 7 0 - 0 . 5 6 6 4 - 0 . 1 3 3 2
S o y b e a n s 0 . 3 4 3 7 1 . 2 9 7 3 0 . 5 3 2 0 - 3 . 3 5 3 6 2 . 7 2 9 7 - 0 . 7 6 8 5 0 . 8 2 7 3 - 0 . 0 0 6 0 0 . 3 1 0 4 2 . 0 2 3 3 - 0 . 3 6 9 4
Sorghum - 0 . 1 1 3 5 - 0 . 5 9 3 0 - 0 . 0 0 3 7 0 . 4 0 7 5 - 0 . 1 2 2 7 0 . 1 7 1 6 0 . 2 3 9 4 0 . 0 0 2 8 3 . 8 8 1 3 - 0 . 1 7 5 8 0 . 0 7 0 1
Hay - 0 . 1 5 8 0 - 0 . 0 7 4 1 0 . 0 0 3 7 - 0 . 5 7 3 2 0 . 2 6 0 4 0 . 4 7 2 1 0 . 0 5 6 0 0 . 0 0 0 4 - 0 . 3 2 1 2 - 0 . 1 1 5 4 0 . 1 8 7 8
L i v e s t o c k - 0 . 4 2 8 0 - 0 . 1 9 6 3 - 0 . 1 2 9 0 - 0 . 8 3 9 0 - 0 . 3 8 2 6 1 . 1 2 8 6 0 . 0 7 6 3 0 . 6 5 9 9 - 0 . 0 8 4 4 - 0 . 8 6 4 2 1 . 9 0 6 6
R i c e 0 . 4 7 6 2 - 0 . 6 1 8 2 0 . 0 0 6 5 - 1 . 5 3 8 1 - 1 . 6 2 1 0 2 . 5 4 2 0 0 . 0 2 5 1 0 . 0 0 1 6 3 . 4 9 0 9 - 0 . 5 8 6 2 0 . 7 5 7 1
I n p u t  
H i r e d  Labor 0 . 3 7 1 1 - 1 . 0 9 7 8 - 0 . 3 4 0 5 0 . 7 5 1 3 - 1 . 6 4 2 7 0 . 8 9 3 8 0 . 2 9 7 6 0 . 0 1 1 1 2 . 5 5 7 2 - 0 . 6 2 0 1 0 . 1 9 4 9




Table 4.4. Ranking* of Mean and 1986 Estimates of Own-
Price Output Elasticities for Louisiana.
Product Mean Estimate 1986 Estimate
Hay 0.0430 (1) 0.0560 (1)
Sugar cane 0.1672 (2) 0.3537 (5)
Livestock 0.2585 (3) 0.6599 (6)
Wheat 0.2762 (4) 0.1414 (2)
Corn 0.3357 (5) 0.2384 (4)
Cotton 0.9226 (6) 0.7038 (7)
Soybeans 1.7318 (7) 2.7297 (8)
Sorghum 1.8854 (8) 0.1716 (3)
Rice 2.9173 (9) 3.4909 (9)
*Ranks (lowest=l) in parentheses.
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in 1986, a 10% increase (decrease) in sugar cane price 
resulted in 3.54% increase (decrease) in sugar cane production 
as opposed to 1.67% increase (decrease) in sugar cane 
production between 1949-86.
On the input side, a 10% increase (decrease) in wage rate 
decreased (increased) farm labor employment by 6.2 0% in 1986 
while the same amount of change in wage rate had about half 
of 1986 impact on labor employment between 1949-86. Farm 
demand for fertilizer, on the other hand, reduced (increased) 
by 28.0% as a result of a 10% increased (decreased) in 
fertilizer price in 1986 whereas the same amount of change in 
fertilizer price between 1949-1986 resulted in 15.4% change 
in fertilizer demand. In 1986, the output supply for all 
products were own-price inelastic except soybeans and rice. 
During the same period, the demand for labor was own-price 
inelastic while that of fertilizer was elastic. It should be 
noted that the significance levels of these elasticity 
estimates cannot be appropriately tested using the usual t 
test, considering the small sample for this study.
Inspection of Table 4.4 reveals that five of the nine own 
price output supply elasticities are less than 0.40 when 
evaluated at sample means. These outputs are relatively 
insensitive to own price changes. The remaining four outputs 
are estimated to be relatively more responsive to own price 
changes. It should be noted that three of these four outputs 
are major Louisiana field crops. These elasticities are output
57
elasticities, not land input elasticities. Output and land 
input are not one-to-one correspondent. Increases in output 
can be obtained for most crops without increases in associated 
land input.
A comparison of the results presented in this chapter 
with earlier studies employing similar techniques suggests 
some similarities and differences. Shumway's study of Texas 
field crops, applying a normalized quadratic function with 
land and family labor as fixed factors and time trend, weather 
and diversion payments as other relevant independent 
variables, reported elasticity estimates generally smaller 
than those reported for this study. However, own-price 
elasticity estimates for wheat and hay in this study were 
smaller than Shumway's and the own-price demand elasticity 
estimate for hired labor in this study is almost the same as 
that of Shumway's. Also this study and that of Shumway 
suggested that hired labor and family labor were complements 
rather than substitutes.
Huffman and Evenson's study of supply and demand for 
multiproduct U.S. cash grain farms, using the same technique 
adopted for this study but with a more aggregated data set, 
reported elastic own-price demand elasticity for fertilizer 
and inelastic own-price elasticity of demand for labor (as in 
this study). Also, as in this study, Huffman and Evenson 
reported an elastic own-price supply for soybeans and both 
studies observed an inelastic own-price supply for wheat,
though the own-price supply elasticity estimate for wheat 
reported in this study is relatively smaller than Huffman and 
Evenson's. As reported in this study, Huffman and Evenson 
observed that the variable inputs, hired labor and fertilizer, 
were not normal in the production of all products.
IMPACTS OF PUBLIC AGRICULTURAL RESEARCH, PUBLIC 
AGRICULTURAL EXTENSION, AND OTHER QUASI-FIXED FACTORS 
ON OUTPUTS AND VARIABLE INPUTS
CHAPTER V
In this chapter, the impacts of public agricultural 
research, public agricultural extension, capital, and land on 
output production and variable input use are presented. 
Relative bias effects of Louisiana agricultural producers' 
production decisions attributed to changes in public 
agricultural research stock, public agricultural extension 
stock, capital, and land are investigated. Also, estimates 
of rate of return to Louisiana agricultural research and 
extension investments and the nature of the underlying 
technology are discussed.
The bias of any quasi-fixed factor with respect to 
optimal output supply or input use is measured in a very 
specific manner. A quasi-fixed factor's impact on gross 
revenue shares of the respective outputs is the measurement 
device derived from this analysis. It is not possible for all 
output revenue shares to simultaneously increase or decrease 
due to a change in a quasi-fixed factor. Because revenue 
shares must sum to unity, changes in revenue shares must sum 
to zero. A negative share impact is only a relative term, not 
an absolute impact assessment. Summary data for the nine 




This measurement of bias or impact has restrictions in 
its application that must be recognized. It is inappropriate 
to attempt to employ the bias measure as a device for 
prioritizing any agricultural research and extension agenda. 
The measure does not capture the impact on past net profit or 
expected future profits from the given outputs. For this same 
reason, it is not an appropriate device for measuring the 
success, or lack thereof, associated with previous 
agricultural research and extension on the given products. 
This measure identifies the response of the production 
agricultural sector to changes in the stock of public 
agricultural research and extension and other quasi-fixed 
factors. The response is captured only as changes in gross 
revenue shares for the outputs in this study.
The stock of the quasi-fixed factors of public 
agricultural research and extension are derived measures. 
Annual total public agricultural research and extension 
expenditures in Louisiana have been converted to stock 
measures. Based on extensive research efforts of the last 
several decades, it appears that both extension and research 
activities possess lagged effects, up to thirty years in 
duration, on agricultural production. As noted earlier, the 
research and extension stock measures employed in this 
analysis were derived from a trapezoidal weight scheme with 
a thirty year lag. Thus, changes in any given year's research 
or extension focus and spending will not have noticeable
6 1
effects on the derived stocks. However, to appreciably change 
the stock measures, changes in research and extension 
expenditures would have to be of many years duration. The 
aforementioned literature makes it quite evident that large 
short-term gains in agriculture from public expenditures have 
rarely occurred.
The parameter estimates of shadow price equations of 
capital, land, Louisiana public agricultural research, and 
Louisiana public agricultural extension are reported in Table 
4.1. These equations were estimated jointly with the output 
supply and input demand equations earlier reported. Table 5.1 
shows the bias estimates for four quasi-fixed factors on 
Louisiana farmers' production decisions between 1949 and 1986. 
These estimates were obtained by evaluating equations (6), 
(8), and (10) at the sample mean of the relevant variables. 
Results presented in Table 5.1 suggest that, other things 
being equal, public agricultural research had favorable bias 
for all products except livestock and rice. Therefore, 
increases in research stock increase the revenue shares of all 
products except livestock and rice. Relatively, the largest 
favorable bias was observed for sorghum while soybeans had the 
smallest favorable bias from research. Agricultural research 
bias against rice was considerably large. On the input demand 
side, public agricultural research had unfavorable bias for 
hired labor and fertilizer. During the study period, 
Louisiana public agricultural research reduced cost shares for
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Table 5.1. Mean Estimates of Bias Effects of Quasi-Fixed 









Cotton 2.4776 0.3181 0.0913 3.3089
Corn 1.4685 1.9573 0.3728 4.3033
Sugar Cane 0.7924 1.7328 0.1246 1.6899
Wheat 1.4417 1.3454 2.5424 2.8476
Soybeans 0.1680 1.2884 1.4563 1.1287
Sorghum 7.3231 4.3750 -5.1755 6.0138
Hay 1.5835 1.1337 0.0634 1.1037
Livestock -3.1629 7.2246 -0.3180 2.9910
Rice -11.3416 -9.7965 -1.4841 -16.7070
Inouts
Hired Labor -3.7646 8.3680 -0.4074 -1.0458
-2.0181 6.0427 0.4394 1.1279
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both variable inputs, thus suggesting decreased hired labor 
and fertilizer demand, assuming constant prices.
An increase in the stocks of either Louisiana public 
extension or research has fairly similar impacts on the gross 
revenue shares of the outputs under consideration. However, 
one striking difference is the impact on livestock's revenue 
share from changes in the two quasi-fixed factors. An increase 
in public agricultural research stock is associated with a 
decrease in livestock revenue share while an increase in 
public agricultural extension stock is associated with an 
increase in livestock revenue share. Such an effect should not 
be interpreted as public agricultural research having a 
negative impact on the livestock or rice production sector. 
This measure deals with revenues shares and indicates that the 
relative growth in revenue of the other products was greater 
than the impact on livestock and rice. Total revenue from 
livestock and rice enterprises could rise while simultaneously 
their revenue shares are decreasing, if total revenues from 
other products (crops) increase at a much faster rate.
During the study period, an increase in Louisiana public 
agricultural extension had the largest revenue increase on 
livestock and the least revenue increase on cotton. The 
considerably large revenue increase on livestock and sorghum 
associated with agricultural extension was offset by the much 
smaller revenue change observed with rice. An increase in 
Louisiana public agricultural extension associated with
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increased cost shares for both hired labor and fertilizer. 
Therefore, between 1949-86, increases in Louisiana public 
agricultural extension activities increased the demand for 
hired labor and fertilizer.
Between 1949-86, an increase in total acreage in farms 
induced increased revenue share for all products, except rice. 
Capital stock, on the other hand, had unfavorable bias against 
soybeans, livestock, and rice. Both land and capital had 
similar impacts on input demand, i.e., both factors induced 
increased cost share for fertilizer but reduced cost share for 
hired labor. Therefore, increases in acres in farms or 
increases in capital stock enhanced the demand for fertilizer 
but decreased the demand for hired labor, ceteris paribus. 
This observation is consistent with the cross-price elasticity 
of demand for the variable inputs discussed In Chapter IV, 
where fertilizer and hired labor were classified as
substitutes.
Though several measures of bias effects induced by 
nonprice factors have been documented, dual approach
investigations of bias effects in agricultural output and
input decisions caused by public agricultural research, public 
agricultural extension, and other quasi-fixed factors is new. 
A comparison of the estimates in Table 5.1 with Huffman and 
Evenson's pioneering work in this area of agricultural
research, indicates that the bias estimates reported in this 
study were generally larger than Huffman and Evenson's.
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Contrary to results obtained in this study, Huffman and 
Evenson reported that public agricultural research had a 
negative bias effect on wheat production and a positive bias 
on fertilizer demand. Both studies indicate that public 
agricultural research has an unfavorable impact on the demand 
for hired labor while public agricultural extension has a 
favorable bias on hired labor demand.
Internal rate of Return:
Gains from agricultural research and extension 
investments have been of interest to agricultural scientists 
as early as 1950's. Several techniques have been utilized to 
evaluate public agricultural research and/or extension 
investment, and the resulting estimates vary as the techniques 
and assumptions differ. Public agricultural research and 
extension have influences on consumption and production by 
shifting either the demand curve or the supply curve or both. 
Thus, the impact of public agricultural research and extension 
can be captured as consumer surplus or producer surplus or 
both. When the rates of return on agricultural research and 
extension investments are measured using the social surplus 
approach, the size of the estimate largely depends on the 
nature of supply and or demand drifts assumed. This problem 
is avoided when estimation is done via the dual production 
function approach.
This study uses the dual production function approach to 
estimate internal rates of return on public agricultural
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research and public agricultural extension for Louisiana. 
Under the assumption that public agricultural research and 
extension expenditures have impacts on production for thirty 
years and the shape of benefits thereof was trapezoidal, the 
shadow prices for agricultural research and extension are 
estimated. The estimated shadow price equations (3') were the 
equations for marginal products of Louisiana public 
agricultural research, Louisiana public agricultural 
extension, Louisiana agricultural capital, and Louisiana farm 
land, assuming perfectly competitive markets for each quasi­
fixed factor. Louisiana public agricultural research and 
agricultural extension marginal products, therefore, were 
computed by evaluating the appropriate equations (31) with the 
mean values of the relevant variables. The estimated yearly 
marginal products were discounted using the formula:
(21) MP,/(l+rf)n = 1 ;
where MP, = annual marginal product for agricultural 
research or extension,
i,. = internal marginal rate of return for
agricultural research or agricultural extension,
and n = number of years after investment.
An internal marginal rate of return for $1.00 investment in 
Louisiana public agricultural research and that of Louisiana 
public agricultural extension (r;) are computed with the above 
formula (21), using an iterative procedure.
Results for this study indicate that the annual marginal 
rate of return to Louisiana public agricultural research over
the past thirty years was 19.61% while the annual marginal 
rate of return to Louisiana public extension investment was 
15.7% over the same period. Thus, the returns to public 
expenditures on agricultural research and extension activities 
in Louisiana generate net social benefits above average market 
rates of capital investment return during the period of study. 
It is important to note that the estimated rates of returns 
for Louisiana public agricultural research and extension 
activities capture only the social benefits of increased 
agricultural productivity. It is important to recall that the 
public agricultural research and extension stock measures are 
derived from total annual agricultural research and extension 
expenditures, without adjustment made for the products 
excluded in this study.
The estimates of returns for Louisiana public 
agricultural research for this study are smaller than those 
reported by Huffman and Evenson for U.S. cash-grain farms. 
Huffman and Evenson report 62% internal rate of return for 
agricultural research, which they considered large.
Earlier studies in this area aggregated research and 
extension activities or incorporated either of the variables 
in the analysis. In addition, most of the earlier documented 
works were conducted at national or regional levels. This 
study is the first documented study of disaggregated public 
research and extension that provided significant positive rate 
of return for extension activity. It is also, the first
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empirical work applying integrated duality theory using state 
level data in the analysis.
Nature of the Underlying Technology:
The nature of Louisiana agricultural technology is 
investigated in order to provide information pertinent to 
further product or commodity research. Specific null 
hypotheses of nonjointness and homotheticity in production 
are tested. In a multiproduct production, a product exhibits 
nonjointness in technology if the optimal supply of the 
product is independent of other product prices. Joint 
technology could be induced by resource constraints and/or 
nonallocable quasi-fixed factors of production.
For the null hypothesis of nonjoint technology, the 
calculted F value, F90 308 = 3 . 61, using equation 13. Since 
F90,308 = 3 - 6:L > F9o 308..05 =1* 32 / the null hypothesis of nonjoint 
technology is rejected at .05 level of probability. Hence, the 
result obtained for this study suggests that Louisiana 
agricultural production of rice, cotton, wheat, sugar cane, 
corn, soybeans, sorghum, hay, and livestock is joint. 
Therefore, the optimal supply of a product is influenced by 
a change in price of the other products. This character­
ization of technology indicates that production of any one of 
the products could not be accurately studied without regard 
for other products' influence.
The other property of the underlying technology tested 
is homotheticity. Homothetic production functions are
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monotonic transformations of homogeneous production functions 
(Henderson and Quandt). Homogeneous production functions are 
noted for exhibiting straight line expansion paths, and they 
constitute a subset of homothetic production functions.
Following the test procedure earlier outlined, the null 
hypothesis of homothetic Louisiana agricultural production is 
tested. The calculated F value, F10 308 = 2 . 97, is greater than 
the tabled F, F10308 05 = 1. 86 . Thus, the null hypothesis of 
homothetic production of the outputs in this study is rejected 
at .05 level of probability. Therefore, suggesting that 
Louisiana agricultural production is nonhomothetic; i.e., 
optimal ratio of inputs combinations change with different 
production level. Relative factor intensities are influenced 
by output levels.
Based on the tested hypotheses, the underlying technology 
for Louisiana agricultural production between 1949-86 was 
joint and nonhomothetic. This observation is consistent with 
research conducted by Shumway with the technology of Texas 
field crops.
SUMMARY AND CONCLUSIONS 
CHAPTER VI
This chapter presents a summary and conclusions of the 
findings reported in this study. The summary of results 
presented in the previous two chapters entails estimates of 
product supply and variable input demand equations, output 
supply and input demand elasticity estimates, impact of 
Louisiana public agricultural research, Louisiana public 
agricultural extension, capital and agricultural land on 
outputs and variable inputs, rates of return from public 
agricultural research and public agricultural extension 
investments in Louisiana over the past thirty years, and the 
nature of the underlying technology for Louisiana agriculture.
SUMMARY
In this study, product supplies for cotton, corn, wheat, 
sugar cane, soybeans, sorghum, hay and livestock are 
estimated. Also, estimates of variable input demands for 
hired labor and fertilizer are provided. The basis for these 
estimates of product supply and input demand equations is a 
normalized quadratic profit function. The period of study is 
1949-1986.
The empirical parameter estimates for all product own- 
price and input own-price possess the expected sign (positive) 
and four of the own-price parameters are significant at .05 
probability level. Thus, the necessary curvature condition
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for the normalized quadratic profit function was met, i.e., 
the normalized quadratic profit function was locally convex. 
Therefore, the normalized quadratic function underlying this 
study was a legitimate profit function.
Hired labor or fertilizer use does not have a consistent 
influence on the supply response of all products. Also, 
output supply response to the changes in levels of the quasi­
fixed factors is mixed. Such mixed influence of production 
factors on supply response of disaggreated outputs is expected 
and common. Capital and public agricultural extension stock 
changes have similar patterns of influence on product 
supplies. Family labor and public agricultural extension 
stock, on one hand, and land and capital, on the other hand, 
have similar patterns associated with the variable input 
demands. Family labor was positively associated with the 
demand for hired labor. As in some earlier studies, family 
labor was not a substitute for hired labor in this study.
Estimates of product supply own-price elasticities range 
from 0.043 to 2.92. Mean own-price input demand elasticity 
estimates for hired labor and fertilizer were -0.31 and -1.54, 
respectively. During the study period, own-price elasticity 
of demand for hired labor was inelastic while that of 
fertilizer was elastic. Also, own-price elasticity of supply 
for cotton, corn, sugar cane, wheat, hay and livestock were 
inelastic while those of soybeans, sorghum, and rice were 
elastic. Hired labor was a normal input in the production of
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cotton, wheat, sorghum, livestock, hay and rice while 
fertilizer was normal in the production of corn, sugar cane, 
wheat and soybeans. The variable inputs (fertilizer and hired 
labor) were substitutes. Economic complementarity was 
observed between hay and livestock, corn and cotton, sorghum 
and wheat while soybeans and livestock, corn and sorghum, and 
hay and corn were economically competitive.
Results obtained in this study indicate that an increase 
in Louisiana public agricultural research stock is associated 
with increases in the revenue shares of cotton, corn, wheat, 
soybeans, sorghum, sugar cane, and hay but decreases in the 
revenue shares of livestock and rice. Thus, the analysis 
suggests that the relative growth in revenue shares of 
livestock and rice are lower than those of other products. 
Between 1949 and 1986, increases in Louisiana public 
agricultural research stock resulted in a smaller decreased 
revenue share of livestock than rice. Sorghum and soybeans 
experienced the largest and the smallest revenue share 
increase, respectively, from agricultural research. On the 
input side, Louisiana public agricultural research has 
unfavorable bias with respect to hired labor and fertilizer.
Louisiana public extension has similar impact on output 
response as the public agricultural research. However, unlike 
public agricultural research, Louisiana public agricultural 
extension is associated with an increased gross revenue share 
of livestock and increases in cost shares of the variable
73
inputs. Public agricultural extension activities in Louisiana 
exhibit the largest favorable impact on livestock production 
and the least impact is observed on cotton.
Between 1949-1986, increases in total farm acreage 
increased the revenue shares for all products, except rice. 
Capital stock, on the other hand, has unfavorable bias with 
respect to soybeans, livestock and rice. Both land and 
capital induce cost share increases for fertilizer and a cost 
share decrease for hired labor.
Estimates of marginal rates of return on Louisiana public 
agricultural research and extension obtained for this study 
were 19.61% and 15.70%, respectively. The estimated rates of 
return for Louisiana public agricultural research and public 
agricultural extension activities captured only the social 
benefits of increased agricultural productivity. The 
estimates obtained suggest that Louisiana public agricultural 
research and extension activities generate net social benefits 
above average capital market rates of return.
Based on tested hypotheses, Louisiana agricultural 
technology is joint and nonhomothetic. Therefore, optimal 
supplies of rice, cotton, wheat, corn, soybeans, sorghum, hay 
or livestock are not independent of other product prices and 
optimal ratios of input combinations change with different 
production level. Jointness in production could be attributed 
to resource constraints and to nonallocable quasi-fixed 
production factors, while nonhomothetic technology suggests
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nonlinear expansion path. Louisiana agricultural technology 
is joint and nonhomothetic indicating that the underlying cost 
structure is nonadditive and nonmultiplicately separable in 
factor prices and outputs.
CONCLUSIONS
Using a legitimate normalized quadratic profit function, 
this study provides insights on output and input responses 
associated with changes in market prices, impact of public 
agricultural research and extension changes on output 
production and input use, rates of return on agricultural 
research and extension investment and the nature of the 
underlying technology. As expected for a study of 
disaggregated products, the effects of variable inputs on 
product supplies are mixed. Between 1949 and 1986, own-price 
elasticities of supply for all products are inelastic except 
for rice, soybeans, and sorghum. During the same period, 
hired labor and fertilizer own-price elasticities of demand 
were elastic and inelastic, respectively. Hired labor was 
normal in the production of most products, and the two 
variable inputs (hired labor and fertilizer) were substitutes. 
Hay and livestock, corn and cotton, and sorghum and wheat were 
economic complements while soybeans and livestock, corn and 
sorghum, and hay and corn were economically competitive.
Louisiana public agricultural research had favorable bias 
on the production of all the products, except livestock and
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rice, and the largest favorable impact was observed with 
sorghum. Unlike Louisiana public agricultural research, 
Louisiana public agricultural extension has favorable impacts 
on hired labor and fertilizer use. Also, Louisiana public 
agricultural extension has similar impacts on output response 
as the public agricultural research, except that extension has 
favorable impact on livestock production unlike agricultural 
research. During the study period, an increase in the total 
crop acreage increased the revenue shares of all products, 
except rice.
It should be noted that this analysis deals with impact 
of changes of the quasi-fixed factors on revenue shares, and 
it indicates the growth in revenue share of one product 
relative to the other products. For instance, that the impacts 
of public agricultural research on livestock and rice are 
unfavorable suggests that an increase in public agricultural 
research stock reduces revenue shares of livestock and rice 
relative to other product revenue shares. This analysis cannot 
yield direct information on what research areas, among the 
given outputs, would provide greater social benefits.
Rates of return on Louisiana public agricultural research 
and extension investments were 19.61% and 15.70%, 
respectively. These estimates of rates of return on Louisiana 
public agricultural research and public agricultural extension 
investments represented social benefits of increased 
agricultural productivity only.
Earlier studies aggregated research and extension 
activities or incorporated only one of the two variables in 
the analysis. In addition, most of the earlier documented 
works were conducted at national or regional levels. This 
study is the first documented study of disaggregated public 
research and extension that shows a positive rate of return 
for extension activity. It is also the first empirical study 
applying duality theory using state level data in the 
analysis.
Based on tested hypotheses, Louisiana agricultural 
technology is joint and nonhomothetic. Therefore, the optimal 
supply of a product in this study is influenced by a change 
in price of the other products, and production of any one of 
the products could not be accurately studied without regard 
for other products' influence. In addition, relative factor 
intensities are influenced by output levels; the optimal ratio 
of input combinations change as output levels change. Joint 
and nonhomothetic technology suggests that the underlying cost 
structure for Louisiana agriculture is nonadditive and 
nonmultiplicately separable in factor prices and outputs. 
Generally, single commodity state-wide analyses are 
inappropriate where adequate bias in such studies cannot be 
incorporated in the interpretations of results.
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LIMITATIONS OF STUDY
The major focus of this study is investigation of the 
economic impacts of public agricultural research and extension 
and other quasi-fixed factors on Louisiana agricultural 
production, between 1949-86. In the analysis, nine products 
(cotton, corn, sugar cane, wheat, soybeans, sorghum, hay,
livestock, and rice) and two variable inputs (hired labor and 
fertilizer), four quasi-fixed factors (public agricultural 
research, public agricultural extension, capital, and land) 
and one fixed factor (family labor) were used. The nine
products mentioned above constitute the major agronomic field 
products in Louisiana. However, other products, such as 
forestry, poultry and fruits and vegetables, were not included 
in the analysis due to lack of adequate data. For the same 
reason, other inputs such as fuels and energy were not
included in the analysis.
In the construction of public agricultural research and 
extension stocks, total annual expenditures on agricultural 
research and extension were used. Appropriate annual
agricultural research and extension expenditures on the 
specific products used in the analysis were not available. In 
order to construct such expenditures would require assuming 
the proportion of total expenditures allocated to the 
production of the nine products in this analysis to be fixed 
through time. This approach was deemed untenable, given the
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large impact of soybeans, as a new crop, on land use and in 
rotation. The trapezoidal lag form of impact of agricultural 
research and extension on agricultural production, based on 
extensive previous work, was a maintained hypothesis. The use 
of total annual expenditures in the derivation of the stock 
measures results in a systematic underestimation of the rates 
of return to Louisiana public agricultural research and 
extension activities.
Private agricultural research is an additional factor of 
production that has been formally addressed by Huffman and 
Evenson at the national level. There is very limited 
information within a given state concerning private 
agricultural research or extension expenditures in recent 
years and essentially no state level information is available 
for earlier years. In addition, most private research, even 
if conducted in Louisiana, is not targeted solely at Louisiana 
agriculture. The impacts of private agricultural research are 
likely to be intentionally designed to be applicable to large 
regions or agricultural enterprises and not confined to state 
boundaries. Thus, any stock of private agricultural research 
for Louisiana would be derived from Louisiana private research 
activities and the surrounding states, or possibly the states 
in the Southeast, Delta, and Southwest regions. No measures 
of stock of private research were employed in this analysis.
The measures of impacts of the quasi-fixed factors on the 
various products in this analysis are relative measures, not
79
absolute measures. They cannot yield direct information on 
which research or extension activities, among the given 
outputs, would provide greater social benefits. Also, it was 
assumed that agricultural research and extension "spill-ins" 
from the neighboring states of Louisiana and Louisiana 
agricultural research and extension "spill-outs" to its 
neighboring states sum to zero.
The t statistics reported are asymptotic t values. 
Therefore, the standard error of the parameter estimates might 
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Appendix Table A.I. Data Summary of Product Quantities and
Normalized Prices, Louisiana, 1949-86.
Variable 1949 1954 1959 1964 1969
Quantities3
Cotton 3.13 2.74 2.35 2.82 2.31
Corn 8.14 6.44 6.82 3.47 2.51
Sugar Cane 10.76 12.12 11.04 15.66 12.36
Wheat 0.09 0.37 0.46 0.99 0.37
Soybeans 0.02 0.07 0.27 0.54 1.98
Sorghum 0.03 0. 05 0.14 0.03 0.81
Rice 1.08 1.60 1.29 1.69 2.14
Livestock 0.15 0.22 0.18 0.20 0.19
Hay 0.79 0.91 1.11 1.46 1.29
Hired Labor 2.52 1.86 4.63 4.55 2.63
Family Labor 7.45 5.95 8.90 7.04 5.05
Fertilizer 0.55 0. 64 0.62 0.80 1.11
Land 6.10 6.34 5.71 5.38 4.84
Capital 0.33 0.48 0.66 0.78 1.02
Research stock 0.29 0.52 0.92 1.62 2.62
Extension stock 0.50 0.81 1.25 1.91 2.78
Normalized Prices13
Cotton 0.67 0.66 0. 64 0.66 0.49
Corn 0.53 0.56 0.43 0.45 0.46
Sugar Cane 0.08 0.07 0.07 0.11 0.09
Wheat 0. 69 0. 68 0.62 0. 63 0.41
Soybeans 0.88 0.83 0.65 0.82 0.84
Sorghum 0.46 0.49 0.36 0.39 0.35
Livestock 0.20 0.12 0.18 0.20 0.22
Hay 2 .57 2.52 1.11 2.37 2.64
Hired Labor 0.13 0.15 0.16 0.18 0.28




1.27 1.66 2.46 3.31 5.33
Capital 0.47 0.52 1.02 0.97 1.54
Research 9.79 9.77 8.45 6.56 6.01
Extension 8.26 6.49 6.36 5.14 4.87
Appendix Table A.I. Continued.
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Cotton 2.69 3.31 5.07 3.23 2.79
Corn 1.47 1.24 5.28 25.01 4.97
Sugar Cane 14.10 10.81 10.12 14.74 13.22
Wheat 0.24 0.44 7.87 4.41 1.49
Soybeans 2.80 5.63 4.01 2.29 1.83
Sorghum 0.46 0.38 9.79 13.32 1.60
Rice 2.05 2.06 2.19 1.94 1.79
Livestock 0.09 0.07 0.08 0.10 0.15
Hay 1. 39 1.69 1.63 1.56 3.32
Hired Labor 2.57 1.88 1.61 1.29 2.91
Family Labor 4.69 3.44 1.87 1.96 5.63
Fertilizer 1.46 1.26 1.45 1.18 1.00
Land 4.95 2.99 3.13 3.40 4.84
Capital 1.84 3.10 3.88 3.29 1.54
Research stock 4.03 6.11 8.86 11.80 3.42
Extension stock 3.95 5. 68 7.73 9.89 3.32
Normalized Pricesb
Cotton 0.28 0.80 0.73 0.77 0.63
Corn 0.20 0.47 0.72 0.64 0.51
Sugar Cane 0.05 0.12 0.14 0.15 0.10
Wheat 0.33 0.68 0.71 0.75 0.59
Soybeans 0.70 1.45 1.22 1.16 0.95
Sorghum 0.32 0.40 0.60 0.52 0.44
Livestock 0.16 0. 30 0.27 0.30 0.20
Hay 1.26 2.87 2.75 3.68 2.54
Hired Labor 0.18 0.30 0.48 0.60 0.25




3 .71 8.32 14.62 3.40 5.56
Capital 0.80 Q.95 1.37 1.51 0.98
Research 2.62 3.32 3.84 4.09 6.10
Extension 2.23 2.64 3 .53 4.04 4.85
Quantities of cotton, corn, wheat, and sorghum were 
measured in million lbs x 10‘1; sugar cane, soybeans, rice, 
livestock , and hay were measured in million lbs; hired 
laborer and family labor were measured in 10 thousands labors; 
fertilizer was measured in 100 million lbs; land was measured 
in million acres; capital in indexes; and research and 
extension stocks in million dollars.
bNormalized prices are relative prices; they have no
units.
Appendix Table A.2. Total Annual Agricultural Research and
Extension Expenditures and Agricultural 














1950 1.522 2.024 0.326 0.553
1951 1.530 2.014 0.364 0. 608
1952 1. 672 2.076 0.409 0.669
1953 1.864 2.187 0.460 0.735
1954 2 .157 2.230 0.518 0.806
1955 2.742 2.717 0.578 0.881
1956 3.076 3.078 0.648 0.963
1957 3 .208 3.260 0.729 1.053
1958 3.511 3.426 0.820 1.149
1959 3.613 3.693 0.924 1.254
1960 3 .917 3.961 1.039 1.369
1961 4.297 4.104 1.168 1.493
1962 4.448 4 .273 1.310 1. 627
1963 4.356 4.346 1.463 1.768
1964 5.152 4.760 1. 623 1.915
1965 5.539 5.211 1.795 2.069
1966 5. 608 5.337 1.978 2.232
1967 6.934 5.920 2.175 2.404
1968 7.296 6.135 2.390 2.586
1969 7.418 6.377 2.621 2.778
1970 7.732 7.282 2.869 2.979
1971 8.669 8.862 3 .136 3.194
1972 9.216 9.004 3.417 3.430
1973 10.359 9.486 3.715 3.683
1974 11.621 9.726 4.034 3.955
1975 12.656 11.069 4.376 4.243
1976 14.506 12.489 4.744 4.555
1977 16.115 13.105 5.150 4.900
1978 18.352 14.294 5. 600 5.275
1979 21.465 15.888 6.107 5. 680
1980 23.313 17.055 6.680 6.121
1981 26.419 19.269 7.323 6.601
1982 29.637 23.319 8.047 7.133
1983 30.206 24.196 8.864 7.732
1984 30.784 24.321 9.767 8. 393
1985 32.421 25.351 10.748 9.114
1986 31.053 25.752 11.803 9.892
Appendix Table A.4. Gross Revenue Shares of Louisiana Products for Selected Years.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ G r o s s  R e v e n u e  S h a r e s _ _ _ _ _ _ _ _ _ _
V a r i a b l e  1 9 4 9  1 9 5 4  1 9 5 9  1 9 6 4  1 9 6 9  1 9 7 4  1 9 7 9  1 9 8 4  1 9 8 6
C o t t o n 0 . 3 8 5 5 0 . 3 5 7 0 0 . 2 8 7 6 0 . 2 7 2 0 0 . 1 3 6 1 0 . 1 0 5 6 0 . 1 6 4 3 0 . 2 3 0 9 0 . 1 6 6 9
R i c e 0 . 1 7 2 7 0 . 2 1 8 7 0 . 1 9 3 7 0 . 2 2 5 4 0 . 2 1 9 5 0 . 2 0 2 0 0 . 1 4 5 9 0 . 1 3 6 0 0 . 1 5 4 0
S u g a r  Cane 0 . 1 2 1 8 0 . 1 3 0 8 0 . 1 2 4 5 0 . 1 3 9 6 0 . 1 3 0 1 0 . 2 7 9 3 0 . 0 8 7 2 0 . 0 9 1 4 0 . 1 7 4 1
C orn 0 . 0 7 0 2 0 . 0 5 6 3 0 . 0 4 6 6 0 . 0 2 1 1 0 . 0 1 3 2 0 . 0 0 6 6 0 . 0 0 4 1 0 . 0 2 3 9 0 . 0 7 9 4
W heat 0 . 0 0 0 7 0 . 0 0 0 5 0 . 0 0 4 3 0 . 0 0 7 2 0 . 0 0 1 6 0 . 0 0 1 2 0 . 0 0 1 9 0 . 0 3 4 7 0 . 0 2 0 5
S o y b e a n s 0 . 0 0 2 9 0 . 0 1 0 3 0 . 0 2 8 2 0 . 0 6 2 7 0 . 1 6 9 5 0 . 2 5 3 1 0 . 4 0 1 5 0 . 3 0 3 2 0 . 1 6 3 6
Hay 0 . 0 3 2 5 0 . 0 3 5 6 0 . 0 3 9 3 0 . 0 4 5 9 0 . 0 3 6 0 0 . 0 2 1 7 0 . 0 2 6 0 0 . 0 3 3 3 0 . 0 3 8 9
S o rghum 0 . 0 0 0 2 0 . 0 0 0 3 0 . 0 0 0 8 0 . 0 0 0 2 0 . 0 0 3 6 0 . 0 0 1 9 0 . 0 0 1 1 0 . 0 3 5 6 0 . 0 3 5 8
L i v e s t o c k 0 . 2 1 3 5 0 . 1 9 0 5 0 . 2 7 5 0 0 . 2 2 5 9 0 . 2 9 0 4 0 . 1 2 8 5 0 . 1 6 8 0 0 . 1 1 1 0 0 . 1 6 6 7
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